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202C  —  reploces  famous  202B 
for  low  froquency  meosure- 
menfs  t  cps  to  100  KC.  Output 
160  mw/10  volts;  20  volts  open 
circuit.  $300.00 


202A  —  for  vibration  analysis, 
servo  tests,  other  vlf  measure* 
ments.  0.008  to  1,200  cps.  Out¬ 
put  20  mw/10  volts.  $465.00 


Indifferent 

-hp- 

oscillators 


highest  quality,  outstanding  value 
complete  coverage  0.008  cps  to  10  MC 
each  designed  to  do  a  specific  job  best 
stable  RC  circuit  pioneered  by  -hp- 
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Member  ABP  and  ABC 


Quick  Connect  and  Disconnect 

They  plug  smoothly  into  each  other. 

No  twisting  or  threading  is  required. 

Ideal  for  rapid  changes  in  laboratory  setups. 


Positive  Connection... 

strong  friction  grip  provided 
by  multiple  spring  fingers  for 
uniform  50-ohm  coaxial  section, 


identical  Mates...  ^ 

No  male  or  female  connectors. 
Eliminates  searches  for  mating  plugs, 


Low  VSWR... 

Less  than  1.05  up  to  4000  Me. 


a  Wide  Variety  of  Adaptors... 


874.QBJ  and  QBP  874-QU  and  QLP -  S^d-QNP  and  QNJ 

...  for  both  male  and  female  versions  of  N,  C,  BNC,  HN,  LC,  and  UHF  connectors.  874-quj  and  QUP 


Many  Accessories... 

..i 


GENERAL  RADIO  Company 


Broad  Avenue  at  Linden,  Ridgefield.  N.  J.  NEW  YORK  AREA  1000  N.  Seward  St.  LOS  ANCEUS 
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1182  los  Altos  Ave..  Los  Altos.  Calif.  SAN  FRANCISCO  6605  W.  North  Ave..  Oak  Park.  III.  CHICAGO 

In  CANADA:  99  Floral  Parkway.  TORONTO  IS 
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Write  for  the  G-R 

VHP’UHP  ■uliGtin. 

All  G-R  Products 
are  now  covered  by  e 

2 -year  Warranty 


TIMERS 

standard  or 
special - 
Industrial  Tinier 
makes  I 

rapid  deliveries 
on  all  models 


Sometimes  you  need  a  standard 
model  timer . . .  other  times  you 
need  a  special.  Either  way  we 
can  give  you  the  extra  rapid 
service  you  may  need  because 
of  the  efficient  way  we  design, 
manufacture  and  stock  timers 
for  industrial  applications. 

To  meet  all  of  the  widely 
varying  needs  of  our  customers 
we  manufacture  a  complete  line 
of  timers  in  the  four  broad  clas¬ 
sifications  illustrated  here: 

1.  TIME  DELAY  TIMERS 

2.  INTERVAL  TIMERS 

3.  RE-CYCLING  TIMERS 

4.  RUNNING  TIME  METERS 

From  these  we  have  already 
developed  20  basic  types  which 
can  ))e  combined  in  endless 
number  of  ways  ...  to  date, 
our  engineers  have  combined 
.  them  into  over  1000  different 
models.  So  what  might  seem  to 
be  a  special  timer  requirement 
to  you,  will  very  often  be  a 
standard  timer  in  our  large 
stock,  and  that  is  the  reason  we 
have  the  ability  to  fill  special 
orders  so  quickly.  And  as  far 
as  standard  timers  are  con¬ 
cerned  we  can  give  overnight 
service  if  necessary. 

So,  for  the  utmost  in  all¬ 
round  service  depend  on  us  for 
this  outstanding  combination: 
deliveries  4,‘Immediate  on  Stan¬ 
dards  .  .  .  First  on  Specials’*. 


...SPECIAL  DELIVERY 

Speed  up  your 
automatic 
control  projects - 
profit  by  our 
timing  application 
experience 


No  need  to  let  timing  problems 
delay  you  in  your  automatic 
control  projects  when  you  caa 
place  them  with  us  and  get 
faster  solutions.  Even  though 
no  two  automatic  control  jobs 
are  ever  exactly  alike,  and  even 
though  the  timer  requirements 
of  each  are  very  different  we 
have  established  an  excellent 
record  in  helping  out  in  these 
situations. 

20  years  of  experience  in  an¬ 
alyzing  complex  timer  applica¬ 
tions  has  provided  us  with  the 
special  knowledge  required  to 
give  our  customers  the  right  an¬ 
swer  in  near-record  time. 

Our  large  stock  of  standard 
and  combination  timers  enables 
us  very  often  to  fill  orders  for 
these  requirements  without  any  I 
time  loss  because  we  have  al-  I 
ready  developed  so  many  new  I 
combinations  specifically  for  fl 
automatic  control  functions.  | 

Extra  special  automatic  con¬ 
trol  timer  —  this  calls  for 
original  designing.  Our  engi¬ 
neers  will  go  right  to  work  and 
get  the  job  done.  That’s  the  way 
we  grow  and  we  like  it. 

Whatever  your  control  prob¬ 
lem,  you  have  everything  to 
gain  by  submitting  it  to  our 
timer  specialists.  They’ll  come 
up  with  the  answer  —  almost 
with  the  speed  of  automatic 
control  itself.. 


liniirs  tiuit  i.initrol 
the  Puhi  liciit  of  Pulu^tr's 


INDUSTRIAL  TIMER  CORPORATION 

M09  AIcCARTBR  HIGHWAY.  NEWARK  4,  N.  J 
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msistorized  Power  Supplies 


Model  028-1 

Output:  18  to  36  (28  nominal)  VDC, 

0  to  1  amp. 

Regulation:  ±0.25%  for  line  and  load 
change  combined  * 

Ripple:  0.01%  maximum 
Response  time:  50  microseconds 
$195  In  cabinet 
$400  In  dual  rack  mount 
(illustrated) 

Model  06-2 

Output:  4.5  to  8  (6  nominal)  VDC, 

0  to  2  amps. 

Regulation:  ±0.25%  for  line  and  load 
change  combined 
Ripple:  0.02%  maximum 
Response  time:  50  microseconds 
$165  In  cabinet 


LOW-VOLTAGE  HIGH-CM 

with  the  PERFORM] 
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HENT  DC  POWER  SUPPLIES 

E  of  ALL-TRAISSISTOR  CIRCUITRY 


utmost  reliability,  minimum  ripple,  and  very  fast  response 
Uominal  voltages  of  6,  12,  28  volts  at  0  to  4  amp  output— all  in 
f  packages.  And  these  new,  compact  power  packs  are 

the  Zener  diode  reference  circuit  that  assures  the  ±0.25% 
{x;uracy  and  high  stability.  The  2  to  1  output  voltage 
gives  these  supplies  an  application  range  that  is  unsurpassed, 
{nvsiator  design  provides  the  excellent  ripple  and  response 
rtics  that  rule  out  line  and  load  transients.  An 
protective  circuit  prevents  short-circuit  damage  to 
fansistors.  All  models  are  low  in  cost,  coming  in 
dual  rack  mount,  or  in  cabinets, 
ion  on  this  important  advance  in  low  voltage,  high 
prfent  technology  is  now  in  print.  Ask  your  Sorensen 
tive  for  full  data,  or  let  us  mail  it  to  you  directly. 


SORENSEN  &  COMPANY,  Inc.  Richards  Avenue,  South  Norwalk,  Connecticut 
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In  addition,  ail  these  Raytheon  Computer  Transistors  measure  up  to  such  rigid 
MIL-T-19500A  mechanical  and  environmental  requirements  as: 


LEAD  SOLDER  DIP  TEST  (par.  4.6.23) 
TEMPERATURE  CYCLING:  5  cycles  from  —  65®C  to 
+160°C  (par.  4.6.24) 


centrifuge:  20,0000  (par.  4.6.29) 

VIBRATION  (Fatigue):  lOG,  60  cycles  (par.  4.6.30) 
VIBRATION  (Noise)  (par.  4.6.31) 


moisture  resistance:  tests  hermetic  seal  (par.  4.6.26)  salt  spray  (Corrosion)  (par.  4.6.35) 


shock:  5000  (par.  4.6.28) 


LEAD  FATIGUE  (par.  4.6.36) 


RELIABLE 

COMPUTER 

are: 

designed  for  cornputer  service 
made  for  computer  service 
tested  for  computer  service 
dependable  jn  computer  service 
proved  in  computer  service 


Raytheon  Reliable  Computer  Transistors  (PNP  Oerma- 
nium,  in  the  JETEC  30  package)  are  in  good  supply,  and 
are  available  to  the  stringent  requirements  of  new  Signal 
Corps  specifications,  including  electrical,  mechanical  and 
environmental  tests. 


Two  hundred  of  these  Transistors  (fifty  of  each  type)  pro¬ 
duced  no  failures  and  negligible  characteristic  change  in 
thousand  hour  life  tests  equally  divided  between  opera¬ 
tion  and  storage.  Here  are  typical  results  for  25  units, 
type  2N427: 


OPERATING  LIFE  AT  6yC  AND  45  MIUIWATTS  DISSIPATION 


80-ll-Sp«c.  Limit 


40  fp  Spec.  Limit 


measured  at  la  =  — 1  mA,  Vet  =  —0.25V 


Vea 

Vet 

^ab 

Hfe, 

Hra, 

Rise  Time* 

Type 

max. 

max. 

ave. 

ave. 

ave. 

max. 

volts 

volts 

Me 

la  =  1  ma 

la  =  10  ma 

irsec 

Vca= -0.25V 

VcE= -0.35V 

2N42S 

-30 

-20 

4 

30 

18 

1.0 

2N426 

-30 

-18 

6 

40 

24 

0.55 

2N427 

-30 

-15 

11 

55 

30 

0.44 

2N428 

-30 

-12 

17 

80 

40 

0.33 

Dissipation  Coefficient 


In  Air  In  Sink 

•C/mw  •C/ntw 


=  50  ma;  la,  =  5  ma;  Rl  =  200  Q;  L,  =  5  ma;  Grounded  Emitter  Circuit;  T  =:  25*C 
CHARACTERISTIC  DATA  AVAILABLE  ON  REQUEST 


SEMICONDUaOR  DIVISION 


Silicon  and  Germanium  Diodes  and  Transistors  •  Silicon  Rectifiers 


Newton,  Matt.t  ..........55  Chapel  St.,  Bigelow  4-7500 

New  Yerkt . 589  Fifth  Ave.,  PLaxo  9-3900 

Chiceget  9501  Grand  Ave.,  Franklin  Park,  NAfionol  5-6130 
Les  Angeles:  5236  Santa  Monica  BKrd.,  NOrmandy  5-4221 
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BUSINESS  BRIEFS 


ELECTRONICS  NEWSLETTER 


•  Chief  scientist  of  USAF  ballistic  missiles  pro¬ 
gram,  Simon  Ramo,  indicated  last  Thursday  that 
ad\anccd  computers  may  be  more  important  in  a 
race  for  survival  than  space  supremacy. 

“Total  brainpower,”  Ramo  told  the  AIEE  winter 
general  meeting  in  New  York,  will  determine  scien¬ 
tific  progress.  “That  brainpower  is  not  set  just  by 
the  number  of  human  brains  in  each  nation,  but 
rather  how  these  brains  are  used  and  how  thev  are 
supplemented  by  synthetic  intelligence  devices.  I 
think  we  are  ahead  of  the  Russians  today  in  the 
techniques  that  extend  and  make  more  useful  each 
brain  and  each  pair  of  eyes.” 


ha\e  introduced  legislation  to  this  effect. 

Then  there  is  support  also  for  the  thesis  of  the 
National  Advisory  Committee  for  Aeronautics,  which 
wants  to  engage  in  a  “coop>erati\'e  effort”  with  the 
Defense  Department,  National  Science  Foundation 
and  National  Academy  of  Scienees.  NACA  is  con¬ 
cerned  lest  the  need  for  space  research  for  peaceful 
purposes  becomes  “submerged”  from  the  public  view. 


•  American-Soviet  accord  pros  iding  for  exchanges 
of  technicians,  teachers  and  others,  appears  to  stay 
clear  of  electronics.  Iron  and  steel,  iron  ore  mining 
and  plastics  are  among  the  industries  singled  out. 

Agreement  also  calls  for  reciprocal  sisits  by  scien¬ 
tists,  but  does  not  sp>ell  out  any  specific  fields.  These 
details  will  be  settled  in  Moscow  this  year  by  the 
presidents  of  the  National  Academy  of  Sciences  of 
the  U.  S.  and  the  Sosiet  Academy  of  Sciences.  In¬ 
dividual  and  group  exchanges  are  in  addition  to  at¬ 
tendance  by  U.  S.  and  Russian  scientists  at  inter¬ 
national  conferences  in  both  countries. 


•  Still  no  word  on  who’s  to  direct  Defense  Depart¬ 
ment’s  Advanced  Research  Projects  Agenev.  Guided 
missile  director  Iloladav  is  serving  temporarily.  .\1- 
though  Secretars'  McElroy  has  not  yet  sf)elled  out 
agency’s  duties,  strong  fears  have  already  been  ex¬ 
pressed  such  an  agency  might  be  too  powerful. 

Principal  criticism  of  the  proposed  space  agency 
is  that  it  might  tend  to  play  down  the  peaceful  as¬ 
pects  of  space  research,  concentrate  only  on  anti¬ 
missile  missile  and  other  military  work.  Many  believe 
the  two  should  be  separated.  Sen.  Clinton  P.  Ander¬ 
son  (D.,  N.M.)  and  Rep.  Carl  T.  Durham,  (D.,  N.C.), 
for  example,  want  the  Atomic  Energy  Commission  to 
base  authority  over  a  space-for-peace  program.  They 


•  Defense  Department  is  up  in  the  air  on  atomic 
planes.  Joint  Congressional  Atomic  Energy  subeom- 
mittee’s  hearing  of  Deputy  Defense  Secretary 
Quarles  has  been  postponed  until  the  middle  of 
this  month  at  the  department’s  request  to  allow 
more  time  for  a  decision  on  how  to  proceed. 


FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 

(Source:  EIA)  Jan.  24, 

Television  sets,  total .  103,' 

Radio  sets,  total  .  232,1 

Auto  sets .  80,1 


LATEST  MONTHLY  FIGURES 

EMPLOYMENT  AND  PAYROLLS 


(Source:  Bur.  Labor  Statistics) 
Prod,  workers,  comm,  equip. 
Av.  wkly.  earnings,  comm. 
Av.  wkly.  earnings,  radio 
Av.  wkly.  hours,  comm.  . . 
Av.  wkly.  hours,  radio  . . . 


STOCK  PRICE  AVERAGES 


TRANSISTOR  SALES 


(Source:  Standard  &  Poor's) 
Radio-tv  &  electronics  . 
Radio  broadcasters . 


(Source:  EIA) 
Unit  sales 
Value  ... 


Nov.  '57  Oct.  '57 

3,578,700  3,544,000 

$6,969,000  $7,075,000 


FIGURES  OF  THE  YEAR 


Totals  for  first  11  months 
1956  Percent  Change 
129,846,000  —  0.3 

11,232,000  -1-131.2 

10,191,545  —  10.9 

6,760,045  —  13.8 

12,266,591  -h  11.2 


TUBE  SALES 


Receiving  tube  sales  .,. 
T ransistor  production  , . , 
Cathode-ray  tube  sales  . 
Television  set  production 
Radio  set  production  . . , 


(Source:  EIA) 

Receiving  tubes,  units 
Receiving  tubes,  value 
Picture  tubes,  units  . . 
Picture  tubes,  value  . . 


Nov.  '57 
39,950,000 
$33,166,000 
772,801 
$15,138,438 
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Vanguard  Gear  In  Explorer 


Army's  globe-circling  satellite  carries  Navy  cir¬ 
cuits.  Here's  a  roundup  of  electronics'  role  as  U.  S. 
moon  parade  begins 


First  of  Army’s  satellites.  Explorer 
I,  is  carr\ing  out  the  intended  mis¬ 
sion  of  Navy’s  second  satellite,  us¬ 
ing  measurement  circuitry  origi¬ 
nally  planned  for  Vanguard  II, 
Electronics  learns. 

Circuitry,  developed  for  the 
spherical  Vanguard  II  by  Air  Force 
Cambridge  Research  Center  and 
the  State  University  of  Iowa,  has 
been  modified  to  fit  into  its  new 
javelin-like  Army  carrier  by  Jet 
Propulsion  Labs. 

Carried  aloft  by  a  Chrysler-built 
Jupiter-C,  guided  by  Ford  Instru¬ 
ment’s  inertial  system,  the  satellite, 
locked  to  its  final  stage  rocket,  is 
79  in.  long  and  6  in.  in  diameter. 
Total  weight  is  30.8  lb.  The  satel¬ 
lite  itself  is  30  in.  long,  weighs 
18.13  lb.  Instrumentation  weighs 
11  lb. 

Explorer  I  is  investigating  three 
areas;  cosmic  rays,  density  and  size 
of  micrometeorites,  and  tempera¬ 
tures  both  inside  and  outside  the 
satellite’s  shell.  (Mission  for  Ex¬ 
plorer  II  is  the  same,  though  a 
different  telemetering  technique  is 
employed.) 

As  for  Vanguard  satellites,  plans 
now  call  for  firing  four  of  the  orig¬ 
inally-scheduled  fi\e  20  in.  spheres. 
Officials  say  Vanguard  II  will  be 
skipped,  since  Explorer  I  is  per¬ 
forming  its  duties.  Vanguard  I 
is  primarily  concerned  with  ultra¬ 
violet  radiation. 


.  .  .  For  Measuring 
Temperatures  .  .  . 

LOS  ANGELES — cal  tech’s  Jet 
Propulsion  Labs’  major  contribu¬ 
tion  was  putting  the  satellite  to¬ 
gether.  It  was  also  responsible  for 
the  temperature  sensing  devices 
both  inside  and  outside  the  shell. 

Explorer  I  has  two  transmitters, 
each  powered  by  its  own  batteries 
(Explorer  II  is  designed  for  one 
transmitter.  A  tape  recorder  is  car¬ 
ried  to  store  data  that  can  be  tele¬ 
metered  in  a  short  burst  when 
queried.)  Explorer  I  details: 

(1)  Frequency  —  108.00  me; 
power — 10  milliwatts;  expiected  life 
two  months,  data  transmitted— 
skin  temperatures  on  forward  area, 
nose  cone  during  launching,  cosmic 
rays,  micrometeorites. 

(2)  Frequency  —  108.03  me; 
power — 60  milliwatts;  expected  life 
— two  weeks;  data  transmitted — 
skin  temp  on  rear  area,  internal 
temp,  cosmic  rays,  micromctcoritcs. 

External  skin  temperatures  -are 
expected  to  range  from  —100  C 
to  -hHO  C.|  To  maintain  an  aver¬ 
age  inside  temperature  of  from  0 
to  50  C,  the  forward  area  of  the 
satellite  shell  is  partially  covered 
with  8  strips  of  zirconium  oxide, 
each  i  in.  wide.  Also,  an  insulating 
space  exists  between  the  outer  skin 
of  the  shell  and  the  glass  fiber  that 


surrounds  the  instruments. 

The  entire  electronic  package 
was  tested  to  withstand  up  to  100 
G’s. 

.  .  .  Getting  Data 
This  Way  .  .  . 

WASHINGTON — procedure  for 
tracking  and  calculating  Explorer 
I’s  orbit  is  the  same  as  set  up  for 
Vanguard  and  later  used  for  the 
two  Soviet  Sputniks. 

Twelve  Minitrack  stations  send 
in  position  reports  to  the  Naval 
Research  Laboratory.  Position  data 
culled  for  reliability  is  sent  on  by 
NRL  to  the  IBM  Computing  Cen¬ 
ter.  A  704  computer  calculates  and 
forecasts  the  satellite’s  orbit. 

Experiment  data  are  recorded  on 
magnetic  tapes  at  the  Minitrack 
stations  and  also  at  six  Microlock 
tracking  stations  around  the  world. 
Tapes  are  then  sent  to  Jet  Propul¬ 
sion  Labs  in  Los  Angeles  and  to 
IGY  headquarters  in  Washington. 
Data  from  all  experiments  arc 
recorded  and  forwarded  to  the 
corresponding  sponsoring  agency. 

.  .  .  Counting 
Cosmic  Rays  .  .  . 

IOWA  CITY,  IOWA— DATA  on 
cosmic  rays  are  being  received  by 
the  State  University  of  Iowa’s  James 
A.  Van  Allen.  A  continuous  cosmic 
ray  count  is  measured  by  a  Geiger 
counter  and  telemetered  by  both 
transmitters. 

Total  count  of  cosmic  rays  hit¬ 
ting  the  Geiger  counter  has  been 
scaled  down  by  32  so  that  each  unit 
of  the  32  cosmic  ray  count  will 
cause  a  step  change  in  frequency. 
Average  counting  rate  produces  ap 
proximately  32  pulses  a  second, 
which  causes  a  frequency  change 
once  each  second. 

The  system  is  capable  of  trans¬ 
mitting  cosmic-ray  information  at 
40  times  the  normal  rate  if  such 
activity  occurs  during  intense  solar 
or  magnetic  storms. 

Explorer  II  carries  the  same 
equipment. 

First  cosmic  ray  data — showing 
20  counts  per  second — came  from 


Explorer  I’s  instruments  (left)  get  a  final  checkup  before  roaring  aloft.  In 
artist’s  sketch  (right)  instrumentation  in  the  earth<ircling  U.S.  satellite  is 
identified. 
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Percent  Change  of  Inductance 
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W-Type  Stabilization  Range 
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ARNOLD  offers  you  the  widest  selection 
of  Temperature  Stabilized 
MO-PERMALLOY  POWDER  CORES 


Arnold  Molybdenum  Permalloy  powder  cores  are  available 
with  the  temperature  coefficient  of  inductance  controlled 
within  certain  limits  over  specific  temperature  ranges.  Most 
core  sizes  and  permeability  combinations  can  be  supplied 
in  at  least  one  of  the  four  different  types  of  temperature 
stabilization  available. 

For  example,  most  of  the  popular  core  sizes  are  manu¬ 
factured  in  the  new  type  of  wide  range— "W”— stabilized 
cores  whose  temperature  coefficient  of  induaance  does  not 


exceed  0.595  over  the  temperature  range  covered  by  the 
MIL-T-27  specification  of  -55®  C  to  +85®  C. 

This  type  of  guaranteed  maximum  change  of  inductance 
with  temperature,  as  well  as  the  constancy  of  permeability 
with  time  and  flux  level,  are  of  particular  importance  to 
apparatus  and  circuit  engineers.  Many  precision  military 
and  industrial  applications  demand  the  uniform  performance 
and  the  excellent  physical  properties  found  only  in’ Arnold 
Mo-Permalloy  powder  cores. 

For  design  flexibility  they  are  furnished  in  a  full  range  of 
sizes,  up  to  5.218"  O.D.,  in  four  standard  permeabilities: 
125,  60,  26  and  14.  You  will  find  them  dependable  and  easy 
to  use.  You  will  find  most  sizes  and  types  in  stock 
for  immediate  shipment. 

•  Let  us  furnish  your  requirements  for  temperature  sta¬ 
bilized  Mo-Permalloy  powder  cores,  or  any  magnetic  mate¬ 
rials  you  need,  from  the  most  complete  line  in  the  industry. 
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AVIATION,  INC 


Teterboro,  New  Jersey 

West  Coast  [ngineering  Office  Santa  Monica  California 


GUIDED  MISSILE  RELIABILITY 


PROTECTION  OF  FUEL.  CONTROL 
EQUIPMENT  from  destructive  vibra¬ 
tion  and  shock  in  high  temperature 
propulsion  section  of  IRBM  missiles. 


VIBRATION  •SHOCK 
AND  COOLING 


ENGINEERED  MOUNTING  SYSTEM 

MODEL  1322: 

Robinson  Model  1322  Is  a  center-of-gravlty 
all-metal  mounting.  Providing  consistent  per¬ 
formance  regardless  of  high  or  low  tempera¬ 
ture  extremes,  this  design  incorporates  highly 
damped  Met-L-Flex  resilient  elements.  All- 
attitude,  multl-directlonal  protection  Is  assured. 

SPECIAL  FEATURES: 

1.  Ventilation  screens  at  top  and  bottom  of 
mounting  enclosure  allow  the  flow  of  cooling 
air,  thereby  extending  the  range  of  environ¬ 
mental  protection. 

2.  Versatile  mounting  design  facilitates  adap¬ 
tation  to  a  wide  range  of  componenta  of  varying 
dimensions. 


Model  1322  protects  against  the  rugged  en¬ 
vironment  In  the  propulsion  section  of  large 
rocket-type  missiles.  Vibration,  shock  and  ac- 
oeleratlon  forces  are  controlled  by  the  mount¬ 
ing  system  through  a  careful  combination  of 
spring  rate  and  damping  design  characteristics. 
Natural  frequency  of  model  shown  Is  16  c.p.s. 
for  an  impressed  excursion  of  .060  ins.  and 
equipment  weight  of  8  lbs. 


Admqumtm  protmetlon  provided  mud  rmllmbllltf 
mecompllmhmd  for  vltml  olmmoatM  of  turn!  control 
oqulpmmnt  through  m  IlghUwmIght  atandardiMOd 
mounting  ayatam  dmaign,  (Approalmataly  ala  (h) 
ayatama  Inatallad  In  aach  Jupitar  mlaalla.} 


MODEL  1322  FOR  REDSTONE  AND  JUPITER  MISSILES 
developed  and  produced  in  quantity  for  Redstone 
Arsenal  and  Chrysler  Corporation. 


ROBINSON  CONTROL  IS  RELIABILITY  CONTROL 


CIRCLE  7S  READERS  SERVICE  CARO 
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an  observation  300  miles  over  New 
Mexico. 

.  .  .  Systems  Get 
Meteor  Facts  .  .  . 

BOSTON — DATA  on  the  size  and 
densit)'  of  micrometeorites  are  be¬ 
ing  studied  at  the  Geophysics  Re¬ 
search  Directorate,  Air  Force  Cam¬ 
bridge  Research  Center. 

Explorer  I  uses  tw'o  systems  to 
get  the  data:  grid  detectors  that  de- 
temiine  density,  and  an  acoustic 
system  that  detects  size  as  well  as 
density.  Tbey  were  developed  re¬ 
spectively  by  Edward  Manring  and 
Maurice  Dubin. 

(1)  Densit}':  12  grids  are  ar¬ 
ranged  on  an  insulated  ring  that 
goes  around  the  aft,  outside  por¬ 
tion  of  the  satellite,  flush  with 
the  skin.  Each  grid  has  a  total  sur¬ 
face  of  one  sq  cm  and  consists  of 
500  windings. 

When  a  micrometeorite  larger 
than  1/100,000  in.  smashes  into  it, 
the  continuous  filament  breaks. 
This  causes  a  small  increase  in  fre- 
■quency  in  the  low-power  transmit¬ 
ter. 

Since  the  surface  area  of  each 
grid  is  known,  the  number  of  col¬ 
lisions  that  strike  during  any  cer¬ 
tain  time  indicates,  by  arithmetic, 
the  density  of  meteoritic  particles 
in  the  space  through  which  the 
satellite  has  moved.  (Four  grids 
were  broken  immediately  after 
launching.  Whether  due  to  launch¬ 
ing  shock  or  to  micromctcorites  can 
best  be  judged  later  by  what  hap¬ 
pens  to  the  remaining  eight.)  Sys¬ 
tem  weighs  10  oz. 

(2)  Density  and  size:  The  16-oz 
acoustical  detector  consists  of  a 
cry'stal  microphone  mounted  against 
the  skin  of  the  satellite  and  con¬ 
nected  to  an  amplifier  and  scaler. 
The  microphone  is  in  spring  con¬ 
tact  with  the  outer  shell  of  the 
satellite. 

When  a  particle  of  sufficient 
size  and  momentum  hits  the  shell, 
the  amplified  pulse  actuates  the 
scaler.  Output  of  the  scaler  con¬ 
trols  the  frequency  of  one  tele¬ 
metry'  channel  of  the  high-power 
transmitter.  When  frequency 
changes  from  low  to  high  it  means 
the  satellite  has  hit  a  large  particle. 

The  device  is  capable  of  detect¬ 
ing  a  wide  range  of  particle  sizes 


WASHINGTON  OUTLOOK 

A  NEW  TREND  ill  weapon  development  and  production  has  gently  started.. 
It  could  put  more  small  and  medium-sized  firms  in  the  running  for 
prime  defense  contracts  for  important  new  weapons  systems. 

Idea  involves  organizing  a  team  of  specialty  companies  to  make  a 
joint  bid  on  a  systems  contract.  So  far,  the  Air  Force  has  awarded 
two  such  development  contracts: 

Stavid  Engineering,  Inc.,  last  July  was  awarded  a  phase-one  prime 
contract  for  development  of  a  defensive  antimissile  system,  project 
DAMS  (Electronics,  Nov.  20,  ’57).  Stavid  is  both  the  system  con¬ 
tractor  and  the  electronic  specialist  on  the  project.  Its  team  members 
— they  are  not  subcontractors  in  the  conventional  sense— are  Olin 
Mathieson  Chemical  Corp.,  Bausch  &  Lomb  Optical  Co.  and  United 
Shoe  Machinery  Co.  Last  December,  the  team— in  Stavid’s  name— 
was  awarded  a  phase-two  contract  for  more  advanced  development  work. 

Last  month,  Hoffman  Electronics  Corp.  (Electronics,  Nov.  10,  ’57) 
was  awarded  an  $11 -million  prime  contract  to  develop  a  complete  air¬ 
borne  electronic  reconnaissance  system  known  as  Tall  Tom.  Its  team 
members:  Stanford  Research  Institute,  Sanders  Associates,  Cornell 
Aeronautical  Lab.,  Filtron  Co.,  Inc.,  Radiation,  Inc.,  Siegler  Corp.’s 
Olympic  Radio  &  Television  div.,  and  Lockheed  Aircraft  Services,  Inc. 

In  Stavid’s  case,  the  electronics  company  negotiated  with  the  Air 
Force  for  the  group,  and  assumed  complete  responsibility'  for  peVform- 
ance  on  the  contract.  Among  themselves,  however,  the  four  companies 
agreed  that  each  was  to  have  an  equal  say  in  the  management  of  the 
overall  project. 

•  The  Pentagon  has  made  what  many  observ'ers  consider  a 
puzzling  decision  on  how  to  run  the  anti-ICBM  defense  proj¬ 
ect.  Defense  Secy.  McElroy  has  divided  responsibility  on  the 
project  between  the  Air  Force  and  Army. 

To  the  Air  Force  goes  responsibility  for  developing  early 
warning  and  defense  acquisition  radars  and  data  handling  equip¬ 
ment.  To  the  Army  goes  responsibility  for  working  on  the 
missile  itself,  the  launching  system  and  target  tracking  radars. 

Up  to  now,  the  two  services  have  each  backed  up  a  complete 
anti-ICBM  system:  the  Army,  the  Nike  Zeus  under  develop¬ 
ment  by  Western  FZlectric  and  Douglas  Aircraft;  the  Air  Force, 
the  Wizard  under  development  by  RCA  and  General  Dynam¬ 
ics’  Convair  div. 

The  Nike  Zeus  project  got  started  earlier,  as  an  outgrowth 
of  the  two  operational  Nike  Ajax  and  Nike  Hercules  air  defense 
systems.  The  project’s  head  start  over  Wizard  is  considered 
the  basic  reason  for  McElroy’s  new  decision. 

Some  critics— notably  Air  Force  partisans— question  the  advis¬ 
ability  of  separating  the  two  functions,  argue  that  this  will 
slow  down  development  of  a  total  anti-ICBM  defense  system. 
Indeed,  some  observ'ers  look  at  the  decision  as  an  interim  one 
which  will  be  more  fully  resolved  when  the  Defense  Dept.’s 
new  Advanced  Research  Projects  Agency  opens  shop.  ARPA 
has  been  delegated  responsibility  for  the  project,  but  has  yet 
to  start  opierations  as  an  agency  independent  of  the  military- 
services.  Serv'ice  opposition— plus  some  unanticipated  and 
unfavorable  Congressional  reaction— have  delayed  ARPA’s  offi¬ 
cial  organization. 
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VISIT  OUR  BOOTH 
No.  1222-24 
AT  THE  IRE  SHOW 


Air  CooUd 
Oil  Coolod 
Askarol  Coolod 


I : :  meet  all  essential  requirements  of  AC  to  DC  voltage  conversion; 

Moloney's  advanced  design  means: 
Reduced  Weight  •  Easier  Handling  •  Versatile  Installation. 

You  save  engineering  time  and  transmitter  cabinet  space  .  .  .  and 
you  save  the  cost  of  individual  rectifier  components  with 

Moloney  Unit  Rectifiers. 

Moloney  Unit  Rectifiers  are  available  with  vacuum  tube, 
gas  tube,  or  dry-plate  rectifier  elements.  DC  ratings  from  2  KW 
through  10,000  KW  and  up  —  voltages  of  1  KV  through 
250  KV  and  up  —  frequencies  from  25  through  400  cycles 
and  other  special  frequencies  —  and  optional  automatic  or 
manual  load-tap-changing  equipment.  Specify  Moloney. 


Wrila  for  Catalog  SR  208 
"HyperCoret  for  Magnetic 
Components"  and  Catalog 
ST  3506  "Magnetic  Com- 
ponenb  for  Electronic  Appli¬ 
cations." 


Plate  and  Filament  Transformers  •  Chokes  •  Unit  Rectifiers  •  Modulation  Transformers 
and  Reactors  •  Pulse  Transformers  and  Charging  Chokes  •  HyperCores  for  Magnetic  Components 
Developmental  Magnetic  Components  •  Power  and  Distribution  Transformers 


SALES  OFFICES  IN  ALL  PRINCIPAL  CITIES  e  FACTORIES  AT  5390  BIRCHER  BLVD.,  ST.  LOUIS  20,  MO..  AND  TORONTO,  ONT.,  CANADA 
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Corrective  drhing  motions  intro¬ 
duced  through  steering  wheel  to 
computer  (left)  cause  miniature  car 
on  simulator  (right)  to  give  imme¬ 
diate  visual  indication  of  vehicle 
response  as  .  .  . 

Analog  Helps 
Design  Autos 

Response  characteristics  of  steer¬ 
ing  and  eontrol  systems  for  auto¬ 
mobiles  are  now  studied  Ixifore  the 
aetual  design  phase  begins.  Teeh- 
nique  using  an  analog  eoinputer 
resembles,  in  prineiple,  that  used 
by  aireraft  designers  who  flv  s\n- 
thetie  airplanes  mathematicallv. 

The  new  deriee,  dereloped  bv 
GM’s  researeh  staff,  simulates  an 
auto  moving  down  a  highway. 

Equations  representing  lateral 
vehieular  motion  ha\e  been  de¬ 
veloped.  They  mathematieally  de- 
seribe  entire  steering  or  handling 
system  response  to  drixer  reaetions. 

Continuous  solution  of  the  equa¬ 
tions  is  effeeted  b\-  the  analog  com¬ 
puter  for  any  steering  wheel  input 
parameters.  The  computer  is  linked 
to  an  automobile  handling  simula¬ 
tor  which  controls  a  miniature  car 
through  a  serxomechanism  sxstem. 

Cars  of  different  weight  distribu¬ 
tion,  suspension  properties,  wheel 
bases  or  tire  characteristics  can  be 
accommodated  by  adjustment  of 
controls  on  the  computer. 
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of  moderate  density,  almost  do.xn 
to  the  size  at  which  cosmic  or  me¬ 
teoric  dust  is  blown  out  of  the  solar 
system  by  radiation  pressure — one 
micron. 

WTen  Vanguard,  which  failed 
again  Feb.  5,  docs  go  up,  it  will 
transmit  on  the  same  frequencies 
as  Explorer.  No  confusion  is  e  ;- 
piectcd,  since  the  satellites'  orbits 
will  differ. 


Corrugated  aluminum  foil  is  welded  to  30-in.  wide  aluminum  extrusion  by 
interface  molecular  fusion.  Close-up  shows  transducers  and  acoustic  horns 


An  automatically-controlled 
ultrasonic  continuous  seam  welder 
which  welds  aluminum  to  alumi¬ 
num  and  other  metals  has  been 
dexeloped  by  Gulton  Industries. 

The  3-ton  machine  cold-welds 
heavy  corrugated  aluminum  foil  to 
both  sides  of  a  30  inches  wide  semi¬ 
circular  extrusion  needed  for  a 
classified  government  project.  It 
can  weld  on  1 1  different  radii. 

Four  seams  arc  welded  simul- 
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tancouslv  bv  eight  welding  heads. 
Rate  of  travel,  50  inches  a  minute, 
totals  200  inches  a  minute.  The 
performance  is  considered  similar 
to  hot  welders. 

The  first  machine  cost  over 
SI 00,000  to  develop.  Gulton  ex¬ 
pects  subsequent  models  to  cost 
around  SI  5,000,  including  ST.OOO 
to  SS.OOO  for  ultrasonic  generators 
and  welding  heads. 

A  wide  market  is  seen— not  in 


MILITARY  ELECTRONICS 


•  Prevailing  atmosphere  among 
industry  and  government  officials 
at  New  York’s  Institute  of  the 
.\eronautical  Sciences’  26th  Annual 
Meeting  was  impatience  to  get  on 
w  ith  the  big  push  ahead.  Temper¬ 
ing  this,  however,  was  the  healthy 
attitude  that  red-tapie  delays  could 
be  put  to  good  use.  Initial  planning 
could  be  rcstudied  for  possible  im¬ 
provement. 

•  Electronic  countermeasure 
equipment  for  Boeing’s  B-52  long- 
range  bomber  is  described  as  “rev- 
olutionarv”  bv  US.AF  Gen.  Levine. 
Sperry  is  EGM  weapon  system 
manager,  responsible  for  develop¬ 
ment  and  production. 

•  Digital  fire  control  computers 
for  Minneapolis-Honev-W'ell’s  anti¬ 
submarine  rocket  ASROG  (Elec¬ 
tronics.  Dec.  1,  ’57)  w'ill  be  built 
by  Librascopc  under  $12-milhon 
Navy  contract. 

•  Electronic  reconnaissance  sys¬ 
tem,  designated  Tall  Tom  (AN/ 
ALD-3),  will  be  engineered  by 
Hoffman  Electronics  under  $11 


million  USAF  contract.  Tall  loin 
will  detect,  record  and  examine 
transmissions  over  a  wide  range  of 
frequencies.  Data  collected  will  be 
processed  through  computers  for 
further  analysis.  Seven  associate 
companies  in  the  project  arc:  Gor- 
nell  .Aeronautical  Labs,  Filtron, 
Lockheed  Aircraft  Services,  Olym¬ 
pic  Radio  &:  Television  div.  of 
Siegler,  Radiation.  Sanders  Associ¬ 
ates  and  Stanford  Research  Insti¬ 
tute. 

•  An  aid  to  electronic  counter 
countermeasures,  utilizing  a  single¬ 
gun  recording  storage  tube  with 
search  radar,  has  been  developed 
by  Raytheon.  I'hc  system  enables 
the  operator  to  emit  radiation  for 
a  single  antenna  rotation  but  retain 
the  picture  for  up  to  ten  minutes. 
Besides  being  a  problem  for  enemy 
countermeasure  receivers,  the  s)s- 
tem  has  a  navigational  advantage. 
Instead  of  taking  an  airborne  fix 
on  constantly  moving  ground  ob¬ 
jects,  the  navigator  gets  a  station¬ 
ary  ground  picture  related  to  a  split 
second  in  time. 


Sound  Waves  Weld  Seams 


i'  Its  ^ 


Trouble  shooting  with  a  beefed-up  pen  and  stylus 
recorder  can  cause  as  much  trouble  as  the  original 
malady— thereby  compounding  the  felony.  Also,  con¬ 
ventional  recorders  cannot  capture  high-frequency 
transients  because  of  comparatively  slow  response. 


PROBLEM :  Trouble  Shooting 


How  to  Save  Man  Days  in  Research  and  Testing  Involving  Transients—  No.  5  of  a  series 


SOLUTION:  The  Hughes  MEMO-SCOPE®  Otcil- 

loscop*  can  instandy  “freeze”  any  number  of  selected 
traces.  A  storage  type  oscilloscope,  it  retains  displays 
brilliantly  until  intentionally  erased.  Faithful  reproduc¬ 
tion  of  transients  is  assured  always... for  the  electron 
beam  has  no  appreciable  weight,  as  opposed  to  the 
mass  of  mechanical  recorder  movement. 


HUGHES  MEMO-SCOPE  OSCILLOSCOPE 


STORAGE  TUBE— 5-inch  diameter  Memotron*  Direct 
Display  Cathode  Ray  Storage  Tube.  Writing  speed  for 
storage:  125,000  inches  per  second.  The  optional  Speed 
Enhancement  Feature  multiplies  writing  speed  approx¬ 
imately  four  times. 


OPTIONAL  PREAMPLIFIER  EQUIPMENT- High  Sensitiv¬ 
ity,  Differential  Input,  Type  HS/6:  1  millivolt  to  50  volts 
per  division.  Dual  Trace  Type  WB/DI/ll:  10  millivolts  to 
50  volts  per  division.  Four  independent  positions  may 
be  selected  for  single  or  double  channel  performance 
and  chopped  or  alternate  sweeps. 


O  1958,  Hushes  Aircraft  Company 
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JVe  are  sure  you  will  want  to  see  this  transient  recorder  with  a  memory" 
in  action.  A  Hughes  representative  in  your  local  area  will  arrange  a  demon¬ 
stration  in  your  company.  Please  write  now  to: 

HUGHES  PRODUCTS  MEMO-SCOPE  Oscilloscope 
International  Airport  Station,  Los  Angeles  45,  California 


Creating  a  new  world  with  ELECTRONICS 


HUGHES  PRODUCTS 


V- 


competition  with  other  welding 
methods,  but  with  manufacturers 
who  ha\  e  not  been  using  aluminum 
because  of  joining  difficulties. 

Ultrasonic  jwwcr  is  supplied  by 
2  2-kw  generators  which  operate 
alternately  as  the  heads  move  back 
and  forth.  Each  head  reccises  500 
watts.  The  heads  consist  of  4  solid 
barium  titanate  transducers,  a 
horn  which  amplifies  the  \  ibrations 
and  a  welding  tool  fixed  at  right 
angles  to  the  horn. 

To  keep  the  heads  and  workpiece 
acoustically  tuned,  barium  titanate 
accelerometers  are  mounted  on 
each  horn.  The  feedback  signal  is 
proportional  to  the  strength  of  the 
vibrations.  ITie  generators  arc 
designed  to  hunt  for  the  maximum 
signal  strength. 

Jets  Boosting 
Computer  Calls 

Recent  entry  into  the  commercial 
jet  field  by  major  flight  simulator 
manufacturers  has  provided  a  grow¬ 
ing  market  for  high  quality  elec¬ 
tronic  components.  With  the  com¬ 
mercial  jet  age  bowing  in  with  a 
sonic  boom,  the  world’s  airlines 
are  leaning  heavily  on  flight  simu¬ 
lators  to  train  their  crews  in  tire 


Artist’s  concept  of  Link’s  forthcom¬ 
ing  Lockheed  Electra  simulator. 
Cockpit  is  exact  replica  of  the 
actual  plane 

complexities  of  high-speed  jet 
flight. 

Basically  a  giant  analog  com¬ 
puter,  the  simulator  emplovs  thou¬ 
sands  of  vacuum  tubes,  precision 
potentiometers,  scr\o  motors  and 
relays  to  realistically  reproduce 
most  of  the  conditions  of  flight  in 
an  authentic  emironment  on  the 
ground. 

Long  used  by  the  militan'  and 
the  airlines  to  avoid  the  expensive 
and  often  fatal  consequences  of  a 
“goof”  on  training  flights,  the  com- 


FINANCIAL  ROUNDUP 


•  Norden-Ketay,  electronic  sys¬ 
tems  designer  of  Stamford,  Conn., 
and  Solar  Aircraft  of  San  Diego, 
Calif.,  announce  merger  plans  sub¬ 
ject  to  stockholder  approval.  Pro¬ 
posed  plan  calls  for  exchange  of 
230,000  shares  of  Solar  common 
stock  for  all  of  the  1,293,193 
Norden-Ketay  shares  outstanding. 
The  exchange  ratio  would  be  about 
one  share  of  Solar  for  each  5.62 
shares  of  Norden-Ketay. 

Solar  is  a  major  designer  and 
maker  of  aircraft  and  missile  engine 
assemblies,  airframe  components, 
small  gas  turbine  engines  and  ex¬ 
pansion  joints. 

Hard-hit  by  loss  of  government 
contracts  last  fall  and  the  resulting 
drain  on  working  capital,  Norden- 
Ketay  management  was  forced  to 
seek  additional  capital  funds  in 
order  to  preserse  the  organization, 
comments  Paul  Adams,  chairman 
of  Norden-Kctav. 

•  Singer  Manufacturing  Corp., 
well-known  sewing  machine  manu¬ 
facturer  of  Elizabeth,  N.  J.,  pur¬ 
chases  all  of  the  common  stock  of 
Haller,  Raymond  &  Brown  from 
Topp  Industries,  electronic  manu¬ 
facturer  of  Beverly  Hills,  Calif. 
Topp  received  $2,075,000  for  the 
stock  of  its  Pennsylvania  research 
and  development  division.  In  addi¬ 
tion,  Popp  will  receive  $375,000  in 
repasinent  of  advances  to  HR&B. 


Topp  will  use  the  cash  receis  ed 
to  re-invest  in  the  expansion  of 
present  business  and  to  acquire  new 
companies.  However,  new  compa¬ 
nies  acquired  will  have  a  higher 
margin  of  profit  than  the  neces¬ 
sarily  R&D  profits  of  HR&B,  says 
B.  F.  Gira,  president  of  Topp. 

Singer  plans  to  manufacture  mili- 
taiy-  and  industrial  electronic  equip¬ 
ment  developed  by  HRi&rB.  In  this  i 
way  it  will  utilize  excess  capacity  ! 
at  plants  in  Conn,  and  N.J.  created 
bv  declines  in  foreign  and  domestic 
sewing  machine  sales.  Singer  was 
a  producer  of  electronic  equipment 
de\elopcd  bv  others  during  \V^orld  \ 
War  II. 

•  National  Aeronautical  Corp., 
Fort  Washington,  Pa.,  plans  to  in¬ 
crease  authorized  common  stock 
from  150,000  to  1,000,000  shares. 
I’hc  firm’s  common  stock  will  be 
split  five-for-onc,  if  the  increase  is 
approved  by  stockholders  at  the  an¬ 
nual  meeting  in  two  weeks. 

•  Siegler  Corp.,  Anaheim,  Calif.,  i 
acquires  all  of  the  stock  of  its  sub¬ 
sidiary,  Sancor  Corp.  of  Santa 
Barbara,  Calif.  Siegler  previously 
had  a  79  percent  interest  in  Sancor, 
which  makes  aircraft  and  missile- 
ground  handling  equipment.  Its 
manufacturing  facilities  will  be  re¬ 
located  in  a  new  plant,  adjacent  to 
the  Siegler-owned  Hufford  Corp.  in 
El  Segundo,  Calif. 


mercial  lines  are  buying  this  com¬ 
plex  and  costly  gear  to  prepare  for 
the  debut  of  such  glamor  aircraft  as 
Boeing’s  707,  Douglas’  DC-8, 
Lockheed’s  Electra,  and  Convair’s 
880,  all  of  which  will  be  hurtling 
regularly  through  the  air  by  1960. 
With  advanced  simulator  training, 
jet  crevss  will  be  well  schooled  be¬ 
fore  they  e\er  set  foot  in  the  actual 
plane. 

Both  Curtiss-Wright’s  Elec¬ 
tronics  Division  and  Link  Aviation 
have  firm  orders  for  jet  and  prop- 
jet  transport  simulators  from  major 
world  airlines,  with  first  deliveries 
scheduled  for  1958.  Curtiss- Wright 
has  been  building  commercial 
simulators  since  1948,  and  Link 
mo\cd  into  the  art“a  last  vear.  An- 


Link’s  approach  to  visual  simula¬ 
tion  problem.  Tv  camera  at  left  re¬ 
acts  to  pilot’s  manipulations 


other  major  simulator  outfit,  Erco 
Division  of  ACE  Industries,  re¬ 
stricts  its  activities  to  the  military, 
hoping  to  tap  a  potentially,  lucrative 
missile  simulator  market,  utilizing 
their  manned  aircraft  simulator  ex¬ 
perience. 

Flight  simulators  arc  big  busi- 
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the  trademark  of  reliability 


WRire  FOK  BULLETIN  NO.  7010 


SPRAGUE  ELECTRIC  COMPANY 

35  MARSHALL  STREET 

NORTH  ADAMS,  MASSACHUSETTS 


SPRAGUE  COMPONENTS:  CAPACITORS 
INTERKRENCE  PIITERS  PULSE  NETWORKS 


RESISTORS^  XfT  magnetic  COMPONENTS  TRANSISTORS 

^  HIGH  TEMPERATURE  MAGNET  WIRE  .  Q  PRINTED  CIRCUITS 


ELECTRONICS  engineering  edition  —  February  14,  1958 


CIRCLE  78  READERS  SERVICE  CARD 


System  Counts  Press  Runs 


ness,  amounting  to  somewhere  be¬ 
tween  40  and  50  million  dollars  a 
year.  Selling  price  for  one  custom- 
tailored  unit  ranges  from  5750,000 
to  $1,500,000,  with  delivery  from 
14  to  18  months. 

One  airline  official  estimates 
cost-per-hour  operation  of  a  Boeing 
707  is  $2,700;  for  the  same  hour  in 
a  simulator— 545. 

Both  Curtiss-Wright  and  Link 
are  in  ad\'anced  stages  of  adding  a 
new  dimension— visual  simulation— 
to  their  product. 

Using  closed  circuit  tv  and  a 
complex  optical  and  projection 
system,  what  the  pilot  sees  as  he 
approaches  the  runway  and  lands 
his  plane  is  effectively  reproduced 
before  his  eyes.  It  is  expected  that 
this  feature  will  be  of  immense 
value  in  familiarizing  pilots  with 
approach  and  landing  conditions  at 
the  major  airports. 


Tr.\nsistorized  counting  system  is 
being  installed  in  the  Detroit  News 
printing  plant  to  program  the 
newspajjer’s  press  production. 

It  is  the  first  use  of  a  new  RC.\ 
sxstem  which  can  total  the  output 
of  40  different  production,  process¬ 
ing  or  packaging  operations.  Each 
of  40  channels  will  handle  5,000 
units  a  minute. 

TTie  Detroit  News  installation 
has  1 2  channels,  one  for  each  of  1 1 
con\evors  carrving  papers  from  the 
press  and  a  spare  channel. 

Switches  at  each  con\eyor  imput 
sense  folded  edges  of  passing  news¬ 
papers,  generating  a  signal  which 
goes  to  a  centrally-located  totalizer. 

'ITie  signals  are  stored  for  a  split 
second  in  electronic  memories  and 
then  relayed  to  dividers.  The  di\  id- 


Newspaper  mail  room  supervisor 
sets  printing  order  on  totalizer, 
waits  for  signal  run  is  complete 


ers  emit  a  signal  for  each  100 
papers,  mo\ing  a  recording  dial. 
When  the  pre-set  number  of  copies 
of  an  edition  is  released,  pressroom 
superintendent  is  automatically  in¬ 
structed  to  stop  the  presses. 
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MEETINGS  AHEAD 

Feb.  14-15:  Cleveland  Electronics 
Conference,  Fifth  Annual,  IRE, 
AIEE,  ISA,  CPS,  Masonic  Audi¬ 
torium,  Cleveland,  Ohio. 

Feb.  17-19:  Military-Industrial 
Conf.,  “Strategy  of  the  Future,” 
Conrad  Hilton  Hotel,  Chicago. 

Feb.  20-2  f:  Conf.  on  Transistor 
and  Solid  State  Circuitry, 
POCT,  AIEE,  Univ.  of  Penn., 
Phila.,  Pa. 

Mar.  17-21:  1958  Nuclear  Con¬ 
gress,  Engineers  Joint  Council, 
AICE,  and  Atomfair,  Atomic  In¬ 
dustrial  Forum,  International 
Amphitheatre,  Chicago. 

Mar.  24-27:  IRE  National  Conven¬ 
tion,  All  Prof.  Groups,  W'^aldorf- 
Astoria  Hotel  and  N.Y.  Coli¬ 
seum,  N.Y.C. 

Mar.  31-Apr.  2:  Southwest  District 
Meeting  of  .\IEE,  Mayo  Hotel, 
Tulsa,  Oklahoma. 

Apr.  2-4:  Conf.  on  Automatic  Op¬ 
timization,  PGAC,  ASME, 
AICHE,  ISA,  Univ.  of  Delaware, 
New'ark,  Del. 

Apr.  8-10:  Svmposium  on  Elec¬ 
tronic  Waveguides,  Microwa^e 
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Research  Institute  of  Brooklyn 
Polytechnic  Inst.,  IRE,  held  at 
Engineering  Societies  Bldg., 
N.Y.C. 

Apr.  10-12:  Tenth  Southwestern 
IRE  Conference  and  Electronics 
Show.  St.  .\nthony  Hotel  and 
Municipal  Auditorium,  San  An¬ 
tonio,  Texas. 

Apr.  14-16:  Conf.  on  Automatic 
Techniques,  IRE,  ASME,  Statler 
Hotel,  Detroit,  Mich. 

Apr.  17-18:  Second  Annual  Techni¬ 
cal  Meeting,  Institute  of  En¬ 
vironmental  Engineers,  Hotel 
New  Yorker,  N.Y.C. 

Apr.  18-19:  Twelfth  Annual  Spring 
Tech.  Conf.  on  Television  and 
Transistors,  Engineering  Society 
of  Cincinnati  Bldg.,  Cincinnati. 

Apr.  20-24:  Scientific  Apparatus 
Makers.  40th  Annual  Meeting, 
El  Mirador  Hotel,  Palm  Springs, 
California. 


Apr.  21-25:  Society  of  Motion  Pic- 

'  ture  and  Television  Engineers. 
85rd  Convention,  Ambassador 
Hotel,  Los  Angeles. 

Apr..  22-24:  1958  Electronic  Com¬ 
ponents  Conf.,  IRE,  AIEE; 
'ITieme:  “Reliable  Application  of 
Component  Parts,”  Ambassador 
Hotel,  Los  Angeles. 

Apr.  24-26:  National  .\cademv  of 
Sciences,  U.S.  National  Connn.. 
International  Scientific  Radio 
Union;  Spring  Meeting,  National 
Bureau  of  Standards,  \Yasli., 
D.C. 

Apr.  28-May  1:  Sixth  Annual  Semi¬ 
conductor  Symposium  of  tlic 
Electrochemical  Societv,  Statler 
Hotel,  N.Y.C. 

Apr.  29-30:  S}inposium  on  Elec¬ 
tronic  Scanning  of  Antennas, 
AF’CRC  and  Rome  Air  De\el. 
Command,  L.  G.  Ilansconi 
Field,  Bedford,  Mass. 
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Diode  Counter  Calibrates 
Missile  Testing  Camera 


Speed  of  continuously  moving  film  in  shutterless  35-mm  camera  used  for 
smear  photography  is  calibrated  in  fps  by  frequency  tachometer.  Heart  of 
meter  is  loaded-diode  counter  whose  amplified  output  drives  pen  oscillo¬ 
graph.  Though  developed  for  specific  camera,  instrument  may  be  used  with 
any  camera  having  similar  focusing  provisions 


By  SAMUEL  E.  DORSEY  Research  Department,  U.  S.  Naval  Ordnance  Test  Station,  China  Lake,  California 


INCREASED  TEST-MISSILE  veloci¬ 
ties  have  created  photographic 
instrumentation  problems  in  the 
vicinity  of  the  launching  guns.  As 
the  old  multiple  flash  technique  us¬ 
ing  a  background  of  reflective 
sheeting  proved  inadequate,  a 


practical  alternative  was  found  in 
smear  photography. 

Knowledge  of  the  film  speed  in 
the  camera  is  a  must  in  the  smear 
technique.  If  the  speed  is  too  slow, 
the  smear  image  is  foreshortened; 
if  the  speed  is  excessive,  the  image 


obtained  is  greatly  lengthened. 

The  principles  of  smear  photog¬ 
raphy  can  be  described  by  refer¬ 
ence  to  Fig.  1.  Illumination  is  pro¬ 
vided  by  an  incandescent  tungsten 
wire  on  one  side  of  the  expected 
missile  path.  To  the  other  side  and 


DIRECTION  OF  MOTION 


1 

INCANDESCENT 

WIRE 


fig.  1 — Basic  arrangement  for  smear 
photography  oi  high-Telocity  missiles 


Engineers  use  incandescent  lamp  to  calibrate  shutterless  camera  film  speed  before 
photogrophing  actual  test-missile  flight 
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SHUTTERLESS  CAMERA  4 


BATTERY  OPERATED 
INCANDESCENT  LAMP 


FIG.  2 — Setup  for  camera  calibration.  Pho¬ 
tocell  replace!  prism  cap  during  test 


on  a  level  with  the  expected  missile 
path  is  placed  a  35-mm  Warrick 
camera.  The  camera  is  oriented  so 
that  light  from  the  wire  passes 
through  the  focal-plane  slit  to  the 
film.  Behind  the  film  are  a  prism 
and  side  lens  intended  for  camera 
orientation.  The  direction  of  mo¬ 
tion  of  the  film  in  the  camera  is  op¬ 
posite  to  that  of  the  missile.  As  the 
test  object  passes  between  the  wire 
and  the  camera,  its  silhouette  is 
smeared  on  to  the  film. 

Camera  Calibration 

The  Warrick  camera  incorpor¬ 
ates  a  film-speed  adjustment  rheo¬ 
stat.  However,  the  speed  is  also 
dependent  upon  the  length  and  the 
resistance  of  the  line  supplying  the 
camera  motor,  as  well  as  the  volt¬ 
age  and  regulation  of  the  power 
source.  Therefore  the  film  speed 
must  *be  calibrated  for  every 
camera  setup  prior  to  firing. 

Elements  of  the  film  speed  cali¬ 
brating  and  recording  system  are 
shown  in  Fig.  2.  The  camera  lens 
is  replaced  by  an  incandescent 
lamp,  which  is  battery-operated  to 
eliminate  the  effects  of  a-c  ripple. 

A  photo-cell  replacing  the  camera 
prism  cap  picks  up  film  speed 
during  calibration  from  a  specially 
prepared  film  which  is  run  through 
the  camera.  The  signal  thus  ob¬ 
tained  is  utilized  by  the  photocell  to 
drive  a  frequency  meter  whose  out¬ 
put  is  recorded  on  the  paper-strip 
chart  in  the  oscillograph. 

Figure  3  shows  a  section  of  the 
test  film.  It  is  prepared  in  a  stand¬ 
ard  shutter-type  movie  camera. 

This  prepared  film  is  run  through 
the  Warrick  shutterless  camera  for 
film  speed  calibration. 

The  diaphragm  slit  in  the  War¬ 
rick  has  been  opened  to  the  width 


of  a  dark  area  on  the  test  film.  As 
the  photocell  drives  the  frequency 
meter,  it  in  turn  drives  the  oscil¬ 
lograph  which  records  the  fre¬ 
quency  of  the  light  pulsations  on 
its  chart.  The  reading,  when 
divided  by  16,  gives  the  speed  of 
the  film  in  ft  per  sec.  This  factor 
is  necessary  as  there  are  16  light 
and  dark  areas  per  foot  of  calibrat¬ 
ing  film. 

Tachometer 

Figure  4  is  the  complete  circuit 
diagram  of  the  film  speed  tach¬ 
ometer. 

The  photosensitive  device  used 
is  a  T.I.  type  700  phototransistor 


FIG.  3 — Section  of  test  iilm  prepared  in 
standard  shutter-type  camera 


mounted  on  the  end  of  a  coaxial 
cable.  When  set  standard  switch 
St  is  in  the  operate  position,  the 
photocell  drives  the  three-stage 
overdriven  audio  amplifier  which 
converts  the  input  signal  from  the 
photocell  into  square  waves  of  the 
same  frequency.  When  both  set 
ZERO  switch  St  and  S,  are  in  the 
OPERATE  position,  the  output  of  the 
overdriven  audio  amplifier  feeds 
the  diode  counter  circuit. 

The  diode  counter  circuit,  plus 
loading  resistors  i?,  and  i?-,  is  the 
heart  of  the  tachometer.  The  sig¬ 
nal  out  of  the  overdriven  amplifier 
is  essentially  a  series  of  square 
waves  as  shown  in  the  simplified 
diagram  of  Fig.  5A;  the  voltage 
swings  in  sudden  jumps  from  the 
saturation  value  to  the  cutoff  value 
in  the  plate  circuit  of  the  second 
triode  in  the  overdriven  amplifier. 
These  square  waves  of  voltage  are 
represented  as  having  a  low  value 
of  Cb  and  a  swing  of  ej. 

Capacitor  C*  represents  fre¬ 
quency-determining  units  Cat  to 

Cae. 


, FREQUENCY^  RANGE 


FIG.  4 — OTsrdriven  amplifier  converts  photocell  output  into  square  wave  input  for 
diode-counter  tachometer 
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FIG.  S — Action  oi  diode  counter  (A)  U  represented  by  equivalent  switch  circuits  (B.  C). 
Combination  oi  Rl.  Cl  qives  output  voltage  proportional  to  frequency 


The  counter  diode  action  is  rep¬ 
resented  by  the  equivalent  switch 
circuit  in  Fig.  5B.  It  is  assumed 
that  each  switching  action  is  fol¬ 
lowed  by  a  period  of  quiescence 
long  enough  to  allow  equilibrium 
to  be  attained. 

Repeated  actuation  of  S.t  is 
equivalent  to  the  action  of  the 
square  waves  of  voltage  out  of  the 
overdriven  amplifier,  alternately 
connecting  the  left-hand  side  of  Cg 
to  e„  and  (cg  -F  E). 

The  actions  of  the  diodes  in  Fig. 
5A  can  also  be  represented  by 
switching.  Connected  to  the  right- 
hand  &ide  of  Cg  is  Sa  which  is 
grounded  when  Sa  is  on  battery  e». 

When  Sa  is  on  (eg  ,-|-  E),  the 
right-hand  side  of  Cs  is  connected 
by  Sa  to  the  top  of  capacitor  Cl. 
When  the  voltage  out  of  ‘the  over¬ 
driven  amplifier  is  low,  D,  con¬ 
ducts  to  ground  and  is  cut  off. 
When  the  voltage  out  of  the  ampli¬ 
fier  is  high,  Di  is  cut  off  and  Dj 
conducts  into  Cl.  Figure  5B  may 
be  simplified  to  Fig.  5C  without 
changing  the  counter  diode  action 
by  a  series  of  logical  deductions 
and  a  mathematical  treatment  of 
the  tachometer. 

In  Fig.  5A,  resistor  Rl  dis¬ 
charges  Cl.  at  a  rate  proportional 
to  its  voltage,  while  the  counter 
diode  action  tends  to  increase  the 
charge  on  Cl  at  a  rate  proportional 
to  the  frequency  of  the  signal  from 


the  overdriven  amplifier.  This  com¬ 
bination  produces  a  voltage 
roughly  proportional  to  frequency 
which  is  fed  through  power  ampli¬ 
fier  V,  in  Fig,  4  to  an  oscillograph. 

In  the  cathode  circuit  of  V t,  S, 
selects  either  the  oscillograph  out¬ 
put  or  the  meter  on  the  panel  of 
the  tachometer.  To  balance  the 
meter  or  oscillograph  to  zero,  a 
negative  current  is  supplied  from 
the  power  supply  through  /?.  and 
Ri  to  the  cathode  circuit  of  F,. 

Counter  Calibration 

The  tachometer  -  oscillograph 
combination  was  set  to  zero  by 
placing  SET  zero  switch  Sj  in  its 
CALIBRATE  position  and  adjusting 
SET  ZERO  potentiometer  R..  The 
motor  of  the  oscillograph  was  kept 
running  so  that  its  pen  wrote  on 
that  coarse  line  of  the  oscillograph 
chart  chosen  as  the  zero  line. 
Switch  Ss  was  then  returned  to  its 
OPERATE  position. 

For  standardization,  set  stand¬ 
ard  switch  S,  was  placed  in  its 
CALIBRATE  position  and  with  the 
oscillograph  motor  running,  po¬ 
tentiometer  R,  was  adjusted  so  the 
indicating  pen  of  the  oscillograph 
was  on  the  coarse  line  chosen  to 
represent  0.8  of  full  scale. 

The  output  of  an  audio  oscillator 
was  then  substituted  for  the  photo¬ 
transistor  in  the  input  terminals  of 
the  tachometer.  With  the  tachom¬ 
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eter  frequency  range  switch  at 
each  of  its  settings,  the  frequency 
dial  of  the  oscillator  was  adjusted 
so  that  the  indicating  pen  was  di¬ 
rectly  on  the  coar.se  lines  of  the 
chart  paper  chosen  to  represent 
0.2,  0.4,  0.6  and  0.8  of  full  scale. 

From  the  data  collected,  the  set 
of  correction  curves  .shown  in  Fig. 
6  was  prepared.  The  long  vertical 
lines  on  this  graph  represent  the 
coarse  lines  and  the  short  vertical 
lines,  the  fine  lines  on  the  oscil¬ 
lograph  record. 

Figure  7  shows  five  camera  cali¬ 
bration  charts  made  with  a  Brush 
BL-202  direct-inking  two-pen  re¬ 
corder  oscillograph  but  utilizing 
only  one  pen. 

The  steep  trailing  edge  and 
rounding  off  are  characteristics  of 
the  measuring  equipment.  The 
start  of  the  trailing  edge  repre- 
.sents  the  point  at  which  the  film 
completes  its  run  in  the  camera. 


FIG.  7— Camera  calibration  charts.  Steep  trailing  edge  and  round  off  are  characteristics  oi  measuring  equipment 
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Automatic  Digital  System 


Digital  computer,  used  in  conjunction  with  dial  telephone  system,  records  all 
data  necessary  to  hill  the  subscriber.  High-speed  digital  system  includes  a 
magnetic  drum  and  an  identification  matrix  equipped  for  400  lines  and  15 
trunk-repeater  adaptors.  Clock  track  on  drum  provides  system  synchroniza¬ 
tion.  System  output  is  punched  on  paper  tape  for  use  by  business  machines 


Enabling  telephone  subscribers 
to  dial  both  local  and  toll  calls 
without  the  service  of  the  phone 
company  operator,  the  automatic 
message-registering  (AMR)  sys¬ 
tem  described  in  this  article  identi¬ 
fies  the  subscriber,  times  the  call 
and  records  all  necessary  billing 
data  which  can  be  processed  by 


automatic  accounting  machines. 

The  system  employs  high-speed 
electronic  digital  data  processing 
techniques.  A  large  proportion  of 
the  system  is  common  equipment 
used  on  a  time-sharing  basis  by  the 
individual  telephone  circuits  that 
carry  the  calls  requiring  ticketing. 

Since  many  telephone  calls  are 


in  progress  within  a  central  office 
at  a  time,  the  various  items  of  in¬ 
formation  necessary  to  determine 
the  charges,  such  as  the  number 
dialed,  calling  subscriber  identity, 
time  at  which  conversation  com¬ 
mences  and  time  at  which  the  call 
ends,  occur  at  random  times.  The 
registration  equipment  must  either 
accept  these  items  of  information 
on  its  common  storage  medium  as 
they  arrive,  or  store  information  in 
a  temporary  store  associated  with 
the  speech  path  or  trunk  over  which 
the  call  is  being  made  and  then 
transfer  them  all  at  once,  and  in 
correct  order,  to  the  common  stor¬ 
age  medium  when  the  call  is  ter¬ 
minated.  Temporary  storage  per 
trunk  is  used  in  the  system.  Since 
it  is  necessary  to  store  about  one 
hundred  binary  bits  in  each  tem¬ 
porary  store,  the  cost  per  bit  must 
be  low. 

Magnetic  Storage 

Probably  the  most  inexpensive 
storage  medium  and  one  of  the 
easiest  to  use  is  a  magnetic  medium. 
Magnetic  tape  is  cheaper  on  a  per 
bit  basis  than  either  a  magnetic 
drum  or  magnetic  cores  but,  since 
this  temporary  storage  must  be  on 
a  per  trunk  basis,  one  magnetic  tape 
transport  mechanism  would  be  nec¬ 
essary  per  trunk  hence  this  possi¬ 
bility  was  rejected  as  uneconomical. 
With  a  magnetic  drum,  only  a  por¬ 
tion  of  a  track  needs  ta  be  allocated 
to  a  trunk  and  therefore  one  drum 
can  be  made  to  serve  a  large  number 
of  trunks.  Of  course,  a  drum  would 
have  to  be  supplied  if  there  were 
only  one  trunk  and  this  would 


FIG.  1 — Block  diagram  of  automatic  message  registering  system  tied  into  telephone 
switching  circuits.  Iniormation  to  be  recorded  such  as  the  number  dialed,  time  called 
subscriber  answers,  time  calling  subscriber  hongs  up  and  date,  is  fed  to  system  from 
the  telephone  switching  equipment 
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Bills  Telephone  Calls 


FRONT  COVER — Typical  installation  includes  an  Identiiicotion  matrix  equipped  ior 
400  lines  and  IS  trunk-repeater  adopters 


By  RAYMOND  C.  P.  HINTON 

Sxecutlve  Ekigineer 

federal  Telecommunication  Laboratories 
Bxecutive  Bn^lneer 


clearly  have  a  detrimental  effect  on 
the  economy  of  the  system.  Never¬ 
theless,  it  was  felt  that  in  most 
cases  there  would  be  a  sufficiently 
large  number  of  trunks  for  the  mag¬ 
netic  drum  to  prove  economical. 

Synchronization 

Synchronization  throughout  the 
system  shown  in  Fig.  1  is  achieved 
by  a  clock  track  on  the  drum  upon 
which  is  recorded  a  phase-modu¬ 
lated,  non-retum-to-zero  signal  cor¬ 
responding  to  a  ONE  for  every  ele¬ 
mental  or  bit  position  around  the 
periphery  of  the  drum  except  for 
the  first  position  where  a  zero  is 
recorded. 

This  clock  track  is  read  and  am¬ 
plified  by  a  conventional  amplifier. 
The  last  stage  of  the  amplifier  is  a 
Schmitt  trigger  that  generates  the 
square  wave  output  shown  in  Fig.  2. 
This  output  is  differentiated  and 
used  to  synchronize  a  free-running 
multivibrator  that  produces  the 
master  pulses  used  in  the  system. 

Synchronizing  an  astable  device 
was  preferred  to  triggering  a 
monostable  device  as  it  is  inherently 
less  liable  to  miss  producing  a  pulse 
or  to  produce  an  extra  one  in  the 
output  stream  of  master  pulses. 
Furthermore,  when  the  zero  from 
the  clock  track  is  read,  a  pulse  is 
produced  in  approximately  the  cor¬ 
rect  position  in  the  output  stream 
and  this  stream  when  gated  with 
the  output  of  the  Schmitt  trigger 
produces  one  pulse  per  revolution 
of  the  drum. 

These  master  pulses,  16-/isec 
wide,  9,000  pps,  are  fed  to  a  600- 
position  timescale  (since  600  bits 


are  to  be  recorded  on  each  track), 
composed  of  cold-cathode  gas  tubes 
of  two  types.  One  is  a  single  ele¬ 
ment  device,  a  number  of  which 
can  be  formed  into  a  ring  counter 
while  the  other  is  a  ten  element 
counter,  which  by  strapping  can  be 
made  into  a  five-way  counter  as 
shown  in  Fig.  3  and  Fig.  4. 

Time  Division 

Four  stages  of  division  are  used 
in  the  timescale,  a  divide-by-four 
stage,  a  divide-by-six  stage  and  two 
divide-by-five  stages.  The  various 
combinations  of  outputs  from  these 
four  stages  produce  600  discrete 
outputs  by  conventional  diode  gat¬ 
ing,  hence  any  one  of  the  600  pulses 
in  the  master  stream  can  be  se¬ 
lected.  This  enables  any  one  bit 
around  the  periphery  of  the  mag¬ 
netic  drum  to  be  selected  for  read¬ 
ing  or  writing.  Furthermore,  the 
one  pulse  per  drum  revolution  ob¬ 
tained  previously  should  coincide 


with  only  one  output  combination 
of  these  combinations.  If  it  does 
not  do  so  the  timescale  misstepped, 
hence  an  alarm  can  be  given  or  the 
timescale  can  be  reset  automatically 
to  its  correct  position. 

Phase-modulation,  non-return-to- 
zero  recording  was  chosen  because 
such  a  signal  is  a  balanced  wave¬ 
form  whatever  the  information  to 
be  written  may  be  and  hence  a-c 
coupling  can  be  used  throughout. 

Drum  Recorder 

The  information  to  be  recorded 
is  obtained  from  the  telephone 
switching  equipment  itself  or  from 
conventional  telephone  switching 
type  circuits  that  work  in  con¬ 
junction  with  the  switching  equip¬ 
ment.  It  is  gated  with  appropriate 
timescale  positions  so  that  the  writ¬ 
ing  circuit  may  record  each  discrete 
piece  of  information  in  its  correct 
elemental  position  on  the  drum. 
Four  bits  are  used  to  record  each 
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FIG.  2 — Ampliiier  reads  clock  track  of  magnetic  dram.  Schmitt  trigger  circuit  generates 
square  wave  output.  Diiierentiated  signal  synchronizes  master  free-running  mv 


decimal  digit  and  all  information 
pertaining  to  calls  on  a  particular 
trunk  is  recorded  on  a  section  of  a 
track  allocated  to  that  trunk. 

Calling  Number 

The  calling  number  is  obtained 
from  a  rectifier  matrix  in  the  fol¬ 
lowing  manner.  In  a  single  instant, 
a  positive  potential  is  applied  to  one 
and  only  one  of  many  outgoing  of¬ 
fice  trunks.  This  potential  feeds 
back  through  the  telephone  switch¬ 
ing  train  and  arrives  at  and  marks 
the  line  circuit  of  the  calling  sub¬ 
scriber. 

In  a  large  office,  this  is  one  of 
up  to  ten  thousand  line  circuits, 
each  one  connected  in  a  unique  way 
to  the  matrix.  Since  only  one  line 
circuit  can  have  this  potential  ap¬ 
plied  to  it  at  any  one  time,  a 
unique  number  corresponding  to 
the  directory  number  of  the  calling 
line  is  obtained  from  the  matrix. 
This  number  is  in  the  form  of  a 
d-c  potential  on  each  of  four  leads, 
each  lead  being  one  of  a  group  of 
ten.  It  is  then  coded  into  a  binary- 
decimal  notation,  mixed  with  ap¬ 
propriate  timescale  outputs  and 
written  on  the  drum  in  a  section 


corresponding  to  the  trunk  at  which 
the  potential  was  originally  applied. 
Once  this  has  been  done,  the  poten¬ 
tial  is  removed  from  this  trunk 
and  applied  to  another.  Thus  in  a 
similar  way  the  identity  of  the  sub¬ 
scriber  calling  over  this  second 
trunk  is  found.. 

Caller  Identification 

A  small,  inexpensive  transistor 
oscillator,  (Fig.  5),  having  a  stable 
frequency  and  placed  across  the  dial 
contacts  of  a  subscriber’s  phone 
identifies  the  caller  on  a  party  line. 
Ten  different  types  of  oscillators, 
each  having  its  own  frequency  in 
the  voice  band,  are  used  to  identify 
up  to  ten  subscribers  on  a  party 
line.  As  a  subscriber  dials,  the  dial 
contacts  open,  the  line  voltage  ap¬ 
pears  across  the  oscillator  and  the 
latter  then  oscillates.  The  frequency 
is  detected  at  the  central  office.  The 
assigned  decimal  digit  correspond¬ 
ing  to  this  detected  frequency  is 
added  to  the  digits  determined  by 
the  line  identification  equipment 
and  the  result,  a  directory  number, 
is  recorded  on  the  drum. 

The  clock  and  calendar  circuits 
give  dc  outputs  on  a  number  of 


leads  such  that  the  time  of  day  and 
the  date  appear  as  binary  decimal 
numbers.  These  dc  potentials  are 
gated  with  the  appropriate  time- 
scale  positions  to  write  the  infor¬ 
mation  on  the  drum.  The  clock  and 
calendar  circuits  are  composed  of 
conventional  stepping  switches,  that 
are  driven  by  pulses  from  a  60-cycle 
synchronous  motor  such  that  a 
pulse  occurs  every  6  seconds.  The 
switches  are  interconnected  so  the 
first  rotates  over  ten  positions  in 
1  minute,  the  second  steps  over  10 
positions  taking  one  step  per  rota¬ 
tion  of  the  first,  a  third  steps  once 
for  every  rotation  of  the  second 
and  has  6  positions  and  the  fourth 
steps  once  for  every  rotation  of  the 
third  and  has  24  positions. 

The  calendar  switches  step  each 
time  the  fourth  clock  switch  steps, 
for  example,  once  per  day.  The 
switches  are  so  interconnected  as 
to  account  for  the  variable  number 
of  days  in  a  month  and  also  to  auto¬ 
matically  insert  29  days  in  Feb¬ 
ruary  every  four  years.  Further¬ 
more,  all  major  public  holidays  are 
automatically  and  specially  marked, 
as  Sunday  rates  apply  to  calls  made 
on  such  holidays. 

Recovering  Information 

Since  a  section  of  a  track  is  per¬ 
manently  allocated  to  a  trunk  and 
within  any  such  section  specific 
elemental  positions  are  allocated  to 
particular  items  of  information,  it 
is  necessary  to  remove  the  infor¬ 
mation  recorded  for  one  call  from 
the  drum  when  the  call  is  termi- 


FIG.  3 — Single  element  type  counter  tubei 
used  in  timescale  circuit 
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nated.  This  must  be  done  so  that 
information  for  the  next  call  made 
over  the  same  trunk  can  be  re¬ 
corded. 

Two  methods  are  used.  The  first, 
shown  in  Fie:.  1,  is  applicable  to 
small  telephone  offices.  The  infor¬ 
mation  is  transferred  as  soon  as  a 
billable  call  (one  which  the  called 
subscriber  has  answered)  is  ter¬ 
minated,  to  buffer  storage  tracks  of 
the  drum.  This  is  accomplished 
within  milliseconds  of  the  discon¬ 
nect  signal  from  the  switching 
equipment  hence  before  any  in¬ 
formation  for  the  next  call  can  pos¬ 
sibly  come  in. 

Track  Selection 

A  track  selector  selects  each  track 
in  turn,  a  record  analyzer  examines 
each  track  thus  selected  and  if  it 
finds  a  billable  call  ready  for  extrac¬ 
tion  on  the  track,  it  transfers  the 
information  to  a  bufiTer  storage 
track.  Uncompleted  calls  are  ig¬ 
nored.  The  buffer  storage  tracks 
are  read  out  and  the  information 
punched  into  paper  tape  using 
a  teletypewriter  common-language 
code.  Depending  on  the  punch  used, 
one  or  several  digits  may  be  punched 
per  revolution  of  the  drum. 

The  paper  tape  thus  punched  can 
be  used  by  conventional  business 
accounting  machines  to  produce  a 
bill  for  the  subscriber. 

In  large  offices,  information  is 
transferred  from  the  track  allocated 
to  the  trunk  through  the  track  se¬ 
lector  and  record  analyzer  directly 
to  magnetic  tape.  In  this  case,  since 
magnetic  tape  can  be  recorded  at 
high  speed,  no  buffer  storage  tracks 
are  necessary.  When  magnetic  tape 
is  used  it  is  subsequently  read  out 
at  a  slower  speed  than  that  at  which 
it  was  recorded  and  the  output  fed 
directly  into  a  conventional  busi¬ 
ness  machine  card  punch.  Account¬ 
ing  then  proceeds  as  before  on  a 
regular  punched-card  basis. 

Centralizing  Equipment 

All  the  recording  equipment  can 
be  located  at  a  pivital  central  office. 
In  the  process  of  identifying  a  call¬ 
ing  subscriber  when  the  call  has 
originated  from  a  tributary,  the 
positive  marking  potential  placed  on 
the  outgoing  trunk  feeds  back 
through  the  office  to  an  incoming 
line  from  a  tributary  not  to  a  sub- 


FIG.  4 — T«ii^l*in«nt  couator  tiiMscal* 
circuit.  FiTu^way  counter  use*  itrappinq 


scriber’s  line  circuit.  The  identi¬ 
fying  potential  cannot  feed  back  to 
the  tributary  over  this  path  so  a 
separate  signaling  path  is  provided 
to  relay  the  identity  request.  This 
is  known  as  a  pilot  channel  and  is 
common  to  all  the  lines  intercon¬ 
necting  the  two  offices. 

Trunk  Identity 

The  method  of  operation  is  such 
that  the  identifying  potential  at  the 
main  office  determines  the  iden¬ 
tity  of  the  incoming  trunk  from  the 
tributary  by  a  matrix  similar  to 
that  which  determines  a  sub- 


FIG.  5 — Small.  inexpenalTo  trontistor  os¬ 
cillator  in  parallel  with  aubacriber't  dial 
contacts  identifies  caller  on  party  line 


scriber’s  line  identity.  This  identity 
is  signaled  by  two  out  of  five  multi¬ 
frequency  signals  over  the  pilot 
channel  to  the  tributary.  This  sig¬ 
nal  is  decoded  at  the  tributary  and 
the  positive  identifying  potential 
placed  on  the  trunk,  corresponding 
to  the  decoded  signals,  where  it 
leaves  the  tributary  office.  From 
here  it  feeds  back  through  the  trib¬ 
utary  office  to  the  calling  sub¬ 
scriber’s  line  circuit  and  the  iden¬ 
tity  of  the  calling  subscriber  is 
determined  by  a  rectifier  matrix 
similar  to  the  one  in  the  pivotal 
central  office.  This  identity  is  sig¬ 
nalled  back  over  the  pilot  channel 
to  the  pivotal  office  by  a  succession 
of  two  out  of  five  multifrequency 
signals  where  it  is  decoded  and 
recorded  on  the  drum. 

Coding 

The  recording  code  used  is  a 
slightly  modified  binary  system. 
Since  only  ten  combinations  are  re¬ 
quired  the  binary  code  for  twelve 
can  be  used  wherever  a  seven  is  to 
be  coded.  This  means  that  only  one 
or  two  bits  of  each  binary  coded 
decimal  digit  can  ever  be  a  binary 
one;  never  none,  three  or  four. 
Hence,  by  adding  just  one  parity 
bit,  each  decimal  digit  is  now  rep¬ 
resented  by  a  two-out-of-five  code 
which  is  easily  checked.  In  all  cases 
of  signalling  digits,  such  as  be¬ 
tween  a  tributary  and  the  main 
office,  such  a  checking  feature  is 
necessary  and  a  simple  way  of  con¬ 
verting  from  the  binary  code  to 
such  a  code  is  easily  achieved. 
Binary  code  is  used  to  record  on 
the  drum  as  it  requires  less  space 
than  a  two-out-of-five  code. 

Synchronizing 

The  magnetic  drum  allows  the 
system  to  be  synchronized  easily, 
the  synchronizing  pulses  changing 
if  the  rotation  speed  of  the  drum 
changes.  When  the  output  is  re¬ 
corded  on  magnetic  tape  a  second 
parallel  track  is  simultaneously 
recorded  with  synchronizing  pulses, 
the  same  ones  as  are  controlling  the 
recording  of  the  information.  These 
pulses  are  read  and  used  as  pulses 
to  examine  the  information  on  the 
tape  during  the  reading  process  so 
any  speed  changes  of  drum  or  tape 
transport  mechanism  have  no  detri¬ 
mental  effect. 
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Optimum  electronic  focus  of  television  cameras  and  film  chains  is  effected 
by  scanning  bar  chart  and  adjusting  focus  controls  for  maximum  response  of 
peaks  on  waveform  monitor.  Chart  also  permits  rapid  determination  of  system 
resolution  and  relative  resolving  power  of  different  camera  lens 


By  GLEN  SOUTHWORTH  Moscow,  Idaho 


Resolution  Chait  Aids 


OPTICAL  AND  ELECTRONIC  foCUS- 
ing  adjustments  in  a  televi¬ 
sion  system  are  usually  dependent 
upon  the  subjective  judgments  of 
the  operator. 

An  objective  approach  to  the 
problem  is  offered  by  the  chart  in 
Fig.  1.  When  viewed  by  a  televi¬ 
sion  camera,  it  provides  an  oscil¬ 
loscope  pattern  that  gives  a  rapid 
indication  of  electrical  focus  ad' 
justments;  with  nonmobile  equip¬ 
ment,  such  as  slide  and  film  chains, 
the  chart  also  aids  optical  focusing. 

The  widest  black  bar,  corres¬ 
ponding  to  50-line  resolution  re¬ 
sponse,  is  used  as  a  reference  and 
optical  and  electronic  adjustments 
are  made  to  produce  maximum  am¬ 
plitude  of  the  other  traces. 

Use  of  Chart 

Initially,  the  chart  is  set  up  with 
the  lines  horizontal  and  the  oscillo¬ 
scope  set  to  the  vertical  sweep  rate 
of  the  system.  The  relatively  low 
video  frequencies  give  an  accurate 
indication  of  the  optical  factors 
involved,  as  illustrated  in  Fig.  2. 
The  resulting  relative  amplitudes 
may  be  used  as  a  reference  when 
the  chart  is  placed  in  a  vertical 
position,  with  the  oscilloscope 
sweep  frequency  set  to  the  hori¬ 
zontal  scanning  rate  as  in  Fig.  3. 
Under  this  second  condition,  the 
oscilloscope  pattern  also  indicates 
the  high-frequency  performance  of 
the  video  system  and  the  perform¬ 
ance  of  the  aperture  corrector,  if 
one  is  used. 

This  technique  is  based  on  the 
assumption  that  defocusing  of  a 
bar  signal  will  cause  the  peak- 
energy  level  to  diminish,  at  the 


FIG.  I — Focus  chart  is  placed  at  proper  distance  from  camera  so  sconned  area  will 
fall  within  comer  markings  thereby  producing  correct  signals 


FIG.  2 — In-focus  (left)  and  out-of-iocus  (right)  oscilloscope  pottems  with  bars  in  hori¬ 
zontal  position  ond  oscilloscope  sweep  at  field  rote 


IjllW 


FIG.  3 — In-focus  (left)  and  out-of-focus  patterns  with  bars  Tertical  and  oscilloscope 
sweep  at  line  rate 
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Tv  Camera  Focusing 


same  time  spreading  the  baseline. 
The  effect  is  most  noticeable  on 
thin  lines  where  a  pronounced  am¬ 
plitude  peak  may  be  noted  when 
passing  through  the  point  of  op¬ 
timum  focus. 

This  rule  of  thumb  does  not  hold 
completely  true  for  some  types  of 
astigmatism,  for  example  image 
twinning,  but  for  most  purposes 
seems  to  provide  a  sensitive  and 
reasonably  objective  means  of 
determining  optimum  focus  of  the 
camera. 

Performance  Evaluation 

The  focus  chart  provides  a  sim¬ 
ple  and  rapid  indication  of  overall 
system  performance,  as  well  as  the 
relative  resolving  ability  of  differ¬ 
ent  camera  tubes.  To  accomplish 
this,  the  focus  chart  dimensions 
were  chosen  so  the  width  of  the 
lines  correspond  to  50, 100,  200,  290, 
385,  500  and  1,250-line  character¬ 
istics. 


Resolution  may  be  recorded  in 
percentage  of  response  at  385  and 
500  lines,  or  higher  if  desired,  and 
kept  for  future  reference  as  an  in¬ 
dication  of  possible  system  deteri¬ 
oration. 

Response  in  older  image-orthicon 
tubes  seems  to  begin  to  drop  off 
above  200  lines  and  the  amplitude 
of  the  600-line  trace  may  be  as  low 
as  10  percent  of  the  50-line  re¬ 
sponse.  This  drop  in  response 
seems  to  be  the  result  of  the  elec¬ 
tron  optics  of  the  tube,  as  it  occurs 
with  the  television  test  chart  situ¬ 
ated  in  both  vertical  and  horizontal 
positions. 

Construction 

The  line  widths  were  calculated 
by  dividing  the  vertical  dimension 
of  the  chart  by  the  number  of  lines 
of  resolution  desired. 

A  fine  trace,  corresponding  to  a 
approximately  1,250-line  response, 
is  included  on  the  chart  as  an  aid 


to  critical  focusing.  Though  this 
might  appear  to  be  outside  of  the 
capabilities  of  the  normal  system, 
a  single  line  of  this  sort  will  fre¬ 
quently  be  reproduced,  though 
broadened  and  greatly  reduced  in 
amplitude. 

The  chart  is  also  useful  in  detect¬ 
ing  and  measuring  leading  or  lag¬ 
ging  vertical  overshoot  due  to 
camera  misalignment. 

Simulating  Sharpness 

Apparent  sharpness  may  some¬ 
times  be  increased  by  clipping  or 
other  forms  of  amplitude  compres¬ 
sion.  This  is  illustrated  by  the 
series  of  waveforms  in  Fig.  4  re¬ 
lated  to  the  reproduction  of  a  sin¬ 
gle  black  bar. 

The  photographs  of  Fig.  5  are 
shown  as  examples  of  some  of 
the  differences  in  apparent  sharp¬ 
ness  that  may  be  produced  by 
various  methods  of  television  cam¬ 
era  operation. 
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simulate  in-iocus  condition  (right)  as  obtained  using  standard  image-orthicon  television  camera 


FIG.  5 — Image  obtained  irom  image-orthicon  television  comera  set  up  to  render  normol  grey  response  is  improved  by  tonal  compression 
obtained  by  opening  lens  operature  ond  reducing  torget  voltoge 
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Intruder  Alarm  Uses 


Transistorized  burglar  alarm  has  electronically  modulated  infrared  light 
source  and  synchronous  phase-sensitive  demodulator  pickup  unit.  Pulsed 
light  technique  overcomes  adverse  effects  of  continuous  or  varying  ambient 
light  conditions.  Alarm  also  sounds  if  power  supply  or  interconnecting  lines 
are  tampered  with. 


By  S.  BAGNO  and  J.  FASAL  Walter  Ktdde  &  Company,  Inc.,  Belleville,  N.  J. 


the  housing  of  the  phototransistor. 

The  beam  modulation  frequency 
is  directly  related  to  the  percentage 
of  light  modulation.  The  tungsten- 
lamp  filament  reaches  its  maximum 
temperature  when  the  collector 
current  of  the  oscillator  transistor 
goes  through  its  peak  value  and 
cools  off  to  its  minimum  value 
when  its  collector  current  goes 
through  zero.  If  the  time  interval 
between  maximum  and  minimum  is 
small,  (frequency  is  high)  the  fila¬ 
ment  does  not  have  time  to  cool  off 
so  much  as  when  the  frequency  is 
low.  This  means  that  the  light 
modulation  with  high  frequency 
will  be  less  than  with  low  fre¬ 
quency. 

For  some  applications,  it  may  be 
necessary  to  increase  the  oscillator 
frequency  to  detect  small  and  fast- 


INTRUDER  DETECTION  systems  The  basic  principles  of  the  photo- 
must  be  virtually  foolproof,  even  electric  alarm  system  are  illus- 
under  the  most  difficult  conditions  trated  in  the  block  diagram.  Fig.  1. 
of  operation,  and  they  must  also  A  55-cps  transistorized  power  oscil- 
provide  safeguards  against  false  lator  powers  and  modulates  the 
alarms  or  being  rendered  inopera-  light  source  and  supplies  a  refer- 
tive  by  intruders.  Furthermore,  ence  signal  to  the  phase-detector 
the  system  must  not  respond  to  a  stage  of  the  receiver.  Any  devia- 
variation  of  the  light  intensity  and  tion  between  the  reference-voltage 
should  not  be  affected,  within  phase  and  the  phase  of  the  modu- 
practical  limits,  by  such  climatic  lated  light  beam  deenergizes  the 
conditions  as  fog,  rain  or  snow,  relay  in  the  output  circuit  of  the 
Because  intruders  have  devel-  phase  detector, 
oped  increasingly  more  ingenious 
methods  of  defeating  conventional 
alarm  systems,  a  phase-sensitive  The  oscillator  frequency  is  made 
system  has  been  developed.  An  in-  slightly  different  from  the  line  fre- 
visible  infrared  light  beam  keeps  quency  to  eliminate  the  possibility 
introduers  unaware  of  its  exact  of  synchronization  with  the  60- 
location.  Any  tampering  with  the  cps  line  which  would  enable  an  in¬ 
power  supply  or  any  other  inter-  truder  to  pai-alyze  the  system  by 
ruption  of  lines  produces  an  alarm,  directing  a  60-cps  stroboscope  into 
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Phase-Sensitive  Detector 


Unhoused  transmitter  and  receiTer  chassis  are  shown  at  left  and  right  respecttrely 


moving  objects,  but  the  price  is 
always  the  loss  of  sensitivity,  as  a 
result  of  a  lower  percentage  of 
light  modulation. 

Due  to  the  optical  characteristics 
of  the  phototransistor  and  the  type 
of  glass  used,  only  the  portion  of 
the  radiated  modulation  falling 
above  2  microns  is  detected,  as  il¬ 
lustrated  in  Fig.  2.  Since  that  por¬ 
tion  of  the  spectrum  shorter  than 
2  microns  includes  most  of  the 
energy  radiated  by  high-tempera¬ 
ture  light  and  only  the  portion  of 
the  low-temperature  light  most 
sensitive  to  temperature  modula¬ 
tions,  the  phototransistor  response 
indicates  that  the  received  modula¬ 
tion  percentage  is  relatively  con¬ 
stant  and  independent  of  the  aver¬ 
age  filament  temperature  over  a 
wide  range. 

A  series-emitter  resistance  can 
stabilize  a  phototransistor  against 
ambient  variations  in  collector 
current. 

This  effect  can  be  used  to  make 
the  steady-state  d-c  response  of  the 
phototransistor  and  its  a-c  re¬ 
sponse  independent  of  each  other. 
Thus,  for  steady-state  light,  the 
phototransistor  has  the  low  sensi¬ 
tivity  of  a  photodiode,  whereas  for 
modulated  light  it  can  approach  the 
full  sensitivity  of  a  phototransistor 
— a  gain  of  more  than  40  db  over 
the  d-c  steady-state  light  response. 
In  that  way  the  phototransistor  can 
operate  in  bright  ambient  light 
without  becoming  saturated  and 
insensitive  to  light  modulations. 

Phase  Detection 


the  reference  signal  in  phase  with 
the  phototransistor  signal  (Fig. 
4C).  The  phase  shift  between 
phototransistor  and  reference  sig¬ 
nals  that  results  from  the  thermal 
lag  of  the  filament  is  corrected  in 
the  amplifier. 

The  resultant  collector  current 
(Fig.  4E)  of  the  phase  detector  de¬ 
pends  on  the  instantaneous  volt¬ 
ages  on  the  base  and  collector  and 
can  be  considered  as  the  modula¬ 
tion  product  of  both.  This  current 
must  always  be  in  phase  with  its 
driving  voltage.  Therefore,  on  the 
d-c  side  of  the  rectifier,  where  the 
adjacent  half  waves  are  in  the 
same  direction,  this  current  will 
be  in  the  same  direction  although 
modified  in  amplitude  by  the  signal 
on  the  base  of  the  transistor. 

Similarly,  on  the  a-c  side  of  the 
rectifier,  this  current  although 
equally  modified  in  amplitude  by 
the  transistor,  will  have  its  ad¬ 
jacent  half  waves  alternating  in 
direction  in  response  to  the  driving 
alternating  potential  and  be  in 
phase  with  it  (Fig.  4F).  This  cur¬ 
rent  is  therefore  a  nonsymmetrical 
alternating  current  that  contains  a 
d-c  component  by  which  the  relay 
is  energized.  The  a-c  component  of 
the  current  is  bypassed. 

There  are  several  cases  to  con¬ 
sider  in  the  behavior  of  the  phase 
detector  under  varying  operating 
conditions. 

Suppose  first  that  the  phase  be¬ 
tween  the  phototransistor  signal 
and  reference  voltage  had  been  re¬ 


versed  (Fig.  41).  This  is  caused  by 
a  reversed  primary  or  secondary 
winding  of  one  of  the  coupling 
transformers. 

The  considerations  leading  to  the 
waveform  of  the  collector  current 
and  the  current  through  the  a-c 
circuits  and  through  the  relay  are 
the  same  as  before.  The  only  dif¬ 
ference  is  that  the  sequence  of  the 
smaller  and  larger  amplitudes  of 
the  wave  is  now  reversed.  There¬ 
fore,  the  d-c  component  in  the  re¬ 
lay  circuit  or  the  relay  voltagre  it¬ 
self  has  to  change  its  sign  as  shown 
in  Fig.  4N. 

Other  Phase  Conditions 

When  no  light  or  nonmodulated 
light  reaches  the  phototransistor, 
as  shown  in  Fig.  40,  the  phototran¬ 
sistor  signal  is  zero,  while  the  bias 
reference  and  full-wave  rectified 
reference  signals  are  the  same  as 
before.  However,  the  resultant  eoi- 
lector  signal  will  be  proportional 
only  to  the  rectified  reference  sig¬ 
nal  because  the  base  signal  is  the 
constant  bias  voltage. 

The  current  through  the  a-c  cir¬ 
cuit  will  be  a  sinusoidal  current 
without  any  d-c  component  so,  in 
this  case,  the  relay  is  deenergized 
and  drops  out. 

Another  interesting  and  impor¬ 
tant  condition  exists  when  there  is 
a  phase  shift  of  90  deg  between  the 
photo  signal  and  reference  signal, 
as  showm  in  Fig.  4V. 

To  obtain  the  resultant  collector 
signal  consider  adjacent  quarter- 


The  basic  schematic  of  the  phase 
detector  is  showTi  in  Fig.  3  in  sim¬ 
plified  form. 

The  amplified  signal  from  the 
phototransistor  drives  the  base  of 
the  phase  detector  (Fig.  4B). 

The  emitter-collector  voltage  of 
the  phase  detector  is  supplied  from 
the  SS-cps  transistor  oscillator 
through  an  unfiltered  bridge  recti¬ 
fier  and  through  a  d-c  relay  located 
in  the  a-c  branch  of  the  rectifier 
bridge.  The  emitter-collector  volt¬ 
age  is  therefore  a  full-wave  recti¬ 
fied  signal  (Fig.  4D)  derived  from 
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FIG.  % — ^Typical  reapoiiM  of  phototron- 
sUtor  to  Taribus  wave  lengths 
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FIG.  3 — SimpUfied  representation  of  basic 
phase-detector  circuit 


waves;  the  first  quarter- wave  is 
equal  to  the  fourth,  although  the 
mirror  image  of  it.  Similarly,  the 
second  and  third  quarter-waves  are 
equal  mirror  images  of  each  other. 

Therefore,  the  sum  of  the  first 
and  second  quarter-waves  are  equal 
to  the  sum  of  the  third  and  fourth 
quarter- waves.  That  they  are  mir¬ 
ror  images  of  each  other  does  not 
alter  the  fact  that  their  areas  are 
equal.  Thus,  on  the  a-c  side  of  the 
rectifier,  the  positive  half-waves 
will  exactly  cancel  out  negative 
half-waves  and  give  a  zero  d-c  com¬ 
ponent.  The  relay  is  deenergized 
and  the  alarm  sounds. 

Other  Cases 

For  other  cases  where  the  phase 
shift  lies  between  0  and  90  or  90 
and  180  deg,  a  d-c  component  will 
exist  in  the  relay  circuit  that  be¬ 
comes  smaller  as  the  phase  shift 
approaches  90  deg  and  larger  as 
the  phase  shift  approaches  0  or  180 
deg. 

From  the  previous  case,  it  may 
be  seen  how  the  system  will  behave 
when  the  frequencies  of  the  photo¬ 
transistor  signal  and  reference 
voltage  are  slightly  different.  The 
two  frequencies  behave  as  if  the 


phase  between  them  were  continu¬ 
ously  changed.  Therefore,  within 
periodically  repeating  time  inter¬ 
vals,  the  two  waves  will  be  in 
phase,  90  deg  or  180  deg  out  of 
phase,  passing  through  all  possible 
phase  conditions.  Consequently,  the 
relay  is  periodically  energized  and 
denergized  and  thus  triggers  an 
alarm  during  the  unenergized 
intervals. 

As  the  same  detecting  device 
acts  on  both  half-waves  that  are 
being  compared,  any  change  in  the 
detecting  device  acts  symmetrically 
and  cannot  affect  the  balance. 

Phototransistor  Properties 

There  are  some  properties  of  the 
phototransistor  that  affect  the  reli¬ 
ability  of  the  whole  system. 

The  collector  current  of  an  un¬ 
compensated  germanium  transistor 
will  double  for  each  8C  temperature 
rise.  This  can  be  somewhat  ob¬ 
viated  with  proper  temperature 
stabilization. 

Furthermore,  a  phototransistor, 
changes  continuously  and  asymp¬ 


totically,  the  phase  between  light 
modulation  and  photocurrent.  Un¬ 
der  unfavorable  conditions,  it  may 
slowly  reach  a  phase  shift  of  more 
than  15  deg  during  a  day  of  opera¬ 
tion.  When  the  phototransistor  is 
disconnected  from  its  power  supply 
the  phase  immediately  returns  to 
its  original  position. 

This  phase  shift  becomes  more 
important  the  higher  the  emitter- 
collector  voltage.  The  effect  is 
based  on  the  formation  of  capaci¬ 
tance  bounded  channels,  which  are 
nonuniform  diffusion  p  and  n  re¬ 
gions  penetrating  from  the  surface 
of  the  semiconductor  into  the  base. 
These  channels  have  a  certain  ca¬ 
pacity  to  the  barriers  of  the  semi¬ 
conductor  which  increases  with 
time  when  the  static  charge  builds 
up  under  the  action  of  the  internal 
d-c  field. 

Since  the  capacitance  of  a  p-n 
junction  is  a  function  of  voltage  and 
the  voltage  in  turn  is  a  function 
of  the  charge  that  has  been  built 
up  through  resistance  with  time, 
the  overall  capacitance  becomes  de- 
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FIG.  S — Complete  system  normally  operates  from  11$-t  a-e  power  source  with  storage  battery  floating:  battery  takes  oyer  load  U  line 
supply  iails.  Capacitor  Ci  tunes  winding  of  Ti  to  55  cps,  the  oscUlotor  frerpiency 


pendent  on  voltage  and  time.  The 
entire  system  corresponds  to  a 
rather  complicated  R-C  network  in 
which  the  capacitance  is  a  func¬ 
tion  of  time  and  voltage.  That  time 
varying  network  is  the  origin  of 
the  variable  phase  shift. 

Although  the  network  presents 
large  phase  shifts  to  low'  frequen¬ 
cies  (55  cps)  the  response  is  hardly 
affected  at  higher  frequencies. 

The  phase  drift  between  photo¬ 
transistor  signal  and  reference 
voltage  must  be  eliminated  as 
much  as  possible.  By  reducing  the 
emitter-collector  voltage,  the  phase 
shift  can  be  reduced  to  a  nonmeas- 
urable  amount.  This  also  reduces 
the  noise  level. 

Light  Dispersion 

An  important  consideration  is 
the  dispersion  of  the  light  beam 
energy  so  a  large  portion  of  the 
light  is  lost  and  does  not  reach  the 
receiver.  The  narrower  the  beam 
angle  the  more  serious  such  a  situ¬ 
ation  can  become. 

In  general,  the  loss  in  light 
varies  inversely  as  the  area  that 
the  transmitter  beam  would  tend 
to  cover  in  the  plane  of  the  re¬ 
ceiver.  For  a  given  distance  be¬ 
tween  transmitter  and  receiver, 
the  area  of  the  optical  image  of 
the  light  source  would  increase  in¬ 
versely  as  the  square  of  the  /-num¬ 


ber  of  the  optical  system  of  the 
transmitter.  Thus,  going  from  an 
optical  speed  of  /2.5  to  a  speed  of 
/0.25,  which  can  be  obtained  for  a 
condenser  system,  decreases  the 
sensitivity  to  lens  fogging  100  to  1. 
For  this  reason,  the  highest  speed 
optical  system  was  used;  a  sealed 
beam  lamp  with  a  parabolic  re¬ 
flector. 

Circuit 

The  schematic  of  the  photoelec¬ 
tric  alarm  system  is  shown  in 
Fig.  5. 

The  primary  of  the  power  trans¬ 
former,  which  is  a  saturable  type, 
forms  a  voltage  regulator,  in  con¬ 
junction  with  the  l-/if  capacitor, 
that  maintains  a  constant  d-c  sup¬ 
ply  of  approximately  12  v,  inde¬ 
pendent  of  line  voltage  variations 
of  -f-  20  percent  but  not  independent 
of  load. 

Where  standby  power  is  re¬ 
quired,  a  12-v  battery  is  connected 
to  the  projector  unit.  In  normal 
operation  the  battery  is  trickle 
charged  by  the  power  supply.  In 
the  event  of  a-c  power  failure,  the 
battery  automatically  assumes  the 
load. 

Resistor  provides  proper  base 
current  for  oscillator  Q,;  R,  con¬ 
trols  degeneration  to  vary  the  a-c 
voltage  on  the  lamp.  The  winding 
of  T,  that  is  in  series  with  the  lamp 


and  collector  of  Q,  provides  regen¬ 
erative  feedback  to  the  winding 
that  is  connected  to  the  base  and 
emitter;  R,  provides  loading  to 
prevent  parasitic  oscillations. 

Capacitor  C,  and  its  associated 
winding  tune  the  oscillator  to  ap¬ 
proximately  55  cps.  The  center  tap 
of  this  winding  supplies  an  a-c 
voltage  of  20  to  25  V  which  is  rela¬ 
tively  independent  of  lamp  inten¬ 
sity  setting. 

Modulated  light  falling  on  the 
photosensitive  junction  of  Qj  modu¬ 
lates  its  collector  current.  This  55- 
cycle  current  is  coupled  through 
T,  to  amplifier  Qi,  the  emitter  of 
which  is  biased  through  decoupling 
network  Rt,  C,. 

Since  the  thermal  time  constant 
of  the  lamp  produces  an  inductive 
phase  lag  in  the  transmission  of 
the  modulated  light,  it  is  necessary 
to  correct  the  phase  of  the  ampli¬ 
fied  signal  with  phasing  capacitor 
C,.  The  corrected  signal  is  coupled 
through  T,  to  the  phase-detector 
stage. 

The  phase-detector  output  re¬ 
sults  in  a  filtered  d-c  across  the 
relay,  holding  it  in  the  energized 
position. 

The  normal  sensitivity  of  the 
system  extends  to  700  feet,  with  a 
four-to-one  safety  factor  for  dust 
and  misalignment  factors  that  af¬ 
fect  operation  at  that  distance. 
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Transistorized  P-A  System 

Aircraft  passenger-address  system  uses  single  preamplifier  and  up  to  five 
power  amplifiers  and  speakers  for  uniform  audio  distribution  throughout 
seating  area.  Differences  in  ambient  noise  level  in  the  air  and  on  the  ground 
are  compensated  by  switching.  Transistors  are  used  as  matching  devices  to 
supplant  transformers  at  input  and  output,  and  as  electronic  filter  for  noise 

By  J.  M.  TEWKSBURY 

Research  Bngineer,  Bendix  Radio  Division,  Bendix  Aviation  Corporation,  Baltimore,  Maryland 


Successful  design  of  aircraft 
passenger  address  systems  re¬ 
quires  flexibility  enough  to  com¬ 
pensate  for  differences  in  noise 
level  from  one  type  of  aircraft  to 
another,  for  the  changing  levels  of 
ambient  noise  encountered  in  vari¬ 
ous  positions  in  any  given  aircraft, 
and  for  differences  in  the  noise  pat¬ 
terns  aloft  and  on  the  ground. 
Fig.  1  shows  how  the  noise  curve 
changes  from  the  nose  to  the  tail 
of  a  t5T)ical  aircraft.  Improved  air¬ 
craft  design  has  reduced  ambient 
noise  levels  to  a  point  where  the 
use  of  the  passenger  address  sys¬ 
tem  fof  radio  programs,  frequent 
routine  communications  from  crew 
to  passengers,  tape  recordings  and 


FIG.  1 — Noise  levels  aboard  aircrait 


FIG.  2 — Functional  diagram  oi  S-staiion 
passenger-address  system  for  airliners 


other  forms  of  entertainment  has 
become  practical. 

Transistor  Modules 

The  amplifier  to  be  described  is 
the  first-known  completely  transist¬ 
orized  aircraft  p-a  system  amplifier 
available  to  the  aviation  industry. 
The  key  to  its  flexibility  and 
efficiency  is  the  use  of  modular  con¬ 
struction. 

In  a  passenger  address  system 
using  this  amplifier  the  seating 
area  is  divided  into  from  one  to 
five  audio  zones,  depending  on  the 
type  of  craft.  A  plug-in  amplifier 
module  producing  eight  watts  of 
audio  power  is  provided  for  each 
zone.  Individual  potentiometers  for 
each  amplifier  provide  independent 
control  of  the  sound  level.  To  com¬ 
pensate  for  the  difference  in  audio 
levels  on  the  ground  as  opposed  to 
in  the  air,  an  air-ground  output 
switch  is  provided  which  acts  on  all 
amplifiers  simultaneously. 

The  block  diagram  of  Fig.  2 
shows  the  control  setup  which  per¬ 
mits  the  selective  use  of  audio 
power.  Three  input  circuits  are 
available  which  can  be  adapted  to 
use  with  carbon  microphones,  dy¬ 
namic  microphones  and  tape  ma¬ 
chines.  Order  of  switching  priority 
is  pilot-to-passengers,  then  stew- 
ardess-to-passengers,  then  the  pas¬ 
senger-entertainment  circuit. 

Transformer  Elimination 

In  push-pull  transformer-coupled 
output  circuits  there  is  an  auto- 


FIG.  3 — Power  amplifier  module  schemotic 


transformer  action  which  places  a 
voltage  equal  to  double  the  supply 
potential  on  the  transistors.  Hence 
with  a  28-v  supply  there  would  be 
56  V  on  the  transistors  at  maximum 
output.  This  would  necessitate  the 
use  of  transistors  with  a  high 
breakdown  voltage.  But  transistors 
of  this  type  are  relatively  expen¬ 
sive  and  their  current  linearity  is 
generally  not  satisfactory  for  this 
application. 

Circuit  Details 

These  difficulties  are  eliminated 
by  the  use  of  the  bridge  circuit 
shown  in  Fig.  3.  Transistors  0, 
and  Qt  are  conductive  for  half  a 
cycle  while  Q,  and  Q,  supply  the 
other  half-cycle  to  the  load.  The 
maximum  peak  voltage  applied  to 
the  load  is  about  26  v,  while  the 
peak  current  reaches  0.93  amp  at  8 
w  output.  Although  the  2N235 
transistor  is  capable  of.  26-w  peak 
output  in  class  B,  the  1,200-ohm 
bias  resistors  bring  about  con¬ 
servative  operation  in  class  AB. 

One  of  the  inputs  required  is  200 
ohms  push-pull  at  —  50  dbm.  The 
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Adjusts  to  Aircraft  Noise 


FIG.  4 — Schematic  of  system  preamplUer  (A).  First  transistor  is  coupling  deTice  which  eliminates  push-puli  to  single-ended  transformer. 
At  (B)  is  electronic  filter  for  d-c  line 


conventional  way  to  connect  such 
an  input  is  to  employ  a  push-pull 
to  single-ended  transformer.  An 
npw  transistor,  however,  connected 
as  shown  in  Fig.  4A  is  completely 
equivalent,  and  this  circuit  accom¬ 
plishes  the  input  function  with  a 
saving  in  weight  and  volume. 

Noise  Filtering 

Another  problem  to  be  overcome 
in  the  development  of_  p-a  ampli¬ 
fiers  involves  the  prevalence  of 
noise  components  on  the  28-v  lines 
of  virtually  all  commercial  aircraft. 
This  may  be  as  high  as  two  volts 
rms  on  the  28-v  bus.  This  noise 
must  be  filtered  to  prevent  it  from 
appearing  in  the  preamplifier 
stages. 

This  filtering  is  accomplished  by 
the  special  electronic  filter  shown  in 


the  schematic  diagram  of  Fig.  4B. 

Referring  to  the  diagram,  Ri 
biases  Q,  so  that,  with  the  current 
normally  present  in  the  circuit, 
there  is  a  24-v  output  and  Ci 
charges  up  to  approximately  24  v. 
Any  change  in  the  voltage  at  the 
output  side  of  the  filter  is  amplified 
by  Q,  and  applied  to  Qs  in  such  a 
way  as  to  oppose  the  change.  Ex¬ 
perimental  results  indicate  that  Ci 
is  amplified  1,000  times  in  value, 
thus  having  an  apparent  capacity 
of  50,000  ^f. 

It  is  not  at  all  necessary  to 
filter  the  A-|-  supply  to  the  bridge 
amplifiers  because  the  collector  im¬ 
pedance  is  extremely  high.  Conse¬ 
quently  little  a-c  noise  is  trans¬ 
ferred  to  the  low-impedance  bridge 
output  load. 

The  collector  current  in  the  am¬ 


plifier  is  essentially  independent  of 
collector  voltage.  The  base  current 
is  produced  by  the  signal  input 
voltage.  The  current  which  flows 
in  the  collector  circuit  is  many 
times  greater  than  the  base  current 
once  saturation  has  been  reached. 
Thus  the  output  load  is  almost  com¬ 
pletely  isolated  from  any  a-c  com¬ 
ponents  on  the  d-c  input  line. 

Heat  Dissipation 

Perhaps  the  most  serious  limit¬ 
ing  factor  in  the  use  of  transistors 
in  this  application  is  their  inability 
to  withstand  high  temperatures.  A 
study  of  the  heat-dissipation  prob¬ 
lem  resulted  in  the  establishment 
of  certain  basic  data. 

The  data  shows  that  the  average 
power  dissipated  can  be  calculated 
by  integration  and  the  equation  re¬ 
duced  to  P.r  =  l/2ff  [E  (2P/ZJ'i 
—  fn-P/2)],  where  E  is  the  supply 
voltage,  P  is  the  power  output  of 
the  bridge  and  Z  is  the  load  im¬ 
pedance. 

With  a  supply  of  28  v  and  a  load 
impedance  of  30  ohms  it  then  be¬ 
comes  a  simple  matter  to  plot  the 
dissipation  of  each  transistor 
against  the  power  output  of  the 
bridge. 

This  amplifier  is  the  result  of 
growing  demands  for  lighter, 
smaller,  less  complex  and  more  re¬ 
liable  airborne  units.  It  has  been 
made  possible  largely  by  the  use  of 
transistors  and  the  application  of 
new  design  techniques  which  tran¬ 
sistors  permit. 


Modular  5-«tation  amplUier.  Two  ■eti  of  potentionieters.  one  ior  olr  and  one  for  ground, 
permit  audio  level  balance 
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Print  Timer  Controls 


Electronic  timer,  used  to  develop  photographic  prints  of  consistant  qual¬ 
ity  makes  use  of  phantastron  circuit  to  arrive  at  the  right  combination  of 
exposure  time  and  color  filter  necessary  to  obtain  and  repeat  the  desired 
exposure  values.  Timer  controls  two  variables,  density  and  exposure  time, 
to  faithfully  reproduce  the  tones  of  the  original  scene. 


Bv  JAMES  D.  WEIR  Assistant  Professor  of  Engineering  Research,  Ordnance  Research  Laboratory, 
Pennsylvania  State  University,  University  Park,  Pa. 


WHEN  DEVELOPING  photo¬ 
graphic  prints,  both  density 
and  contrast  must  be  controlled  to 
obtain  a  print  that  faithfully  repro¬ 
duces  the  tonal  variations  of  the 
original  scene.  Density  is  propor¬ 
tional  to  the  exposure  time  and  the 
light  impinging  upon  the  emulsion. 
Contrast  is  determined  primarily 
by  the  characteristics  of  the  emul¬ 
sion. 

Contrast  papers  coated  with 
emulsions  sensitive  to  the  color  of 
the  exposing  light,  provide  the 
dark-room  operator  with  a  simple 
means  of  controlling  contrast. 
These  papers  are  coated  with  two 
emulsions,  one  for  low  contrast,  the 
other  for  high.  The  low-contrast 
emulsion  is  sensitive  to  yellow 
light,  the  high  to  blue  light.  The 
right  contrast  is  obtained  by  ex¬ 
posing  the  print  through  one  of  ten 
color  filters  that  control  the  relative 
proportion  of  yellow  and  blue  light. 
Even  an  experienced  photographer 
must  exercise  considerable  skill  to 
arrive  at  just  the  right  combina¬ 
tion  of  filter  and  exposure  time  for 
a  perfect  print. 

Control  by  Filters 

The  process  can  be  performed  by 
-  using  only  the  two  filters  at  the  op¬ 
posite  ends  of  the  range  (yellow 
No.  1  for  low  contrast;  blue  No.  10 
for  high  contrast)  and  controlling 
the  relative  exposure  time.  Even 


with  this  method,  there  is  still 
much  room  for  operator  error. 

Operator  error  is  reduced  with 
the  electronic  timer.  Any  exposure 
time  between  6  and  60  seconds  is 
set  on  one  dial  and  any  contrast 
provided  by  Varigam  or  similar 
papers  is  set  on  another  dial.  Ex¬ 
posure  time  is  calibrated  accurately 
and  will  not  vary  more  than  2  per 
cent  of  the  set  value. 

The  phantastron  control  circuit. 


Print  timer  is  shown  beside  the  enlarger 
with  the  iilter-switching  motor  mounted  in 
place  oi  the  red  filter  normally  supplied 
with  the  enlarger.  The  two  color  iilters 
are  mounted  on  on  aluminum  plate 
attached  to  the  motor  shaft.  Shock  mounts 
prevent  iariing  of  enlarger  when  switch¬ 
ing  filters  to  change  contrast 


used  extensively  in  radar  and  fire- 
control  equipment,  is  shown  in  Fif. 

1.  In  most  applications,  plate  and 
grid  voltages  are  clamped  to  their 
respective  points  on  the  voltage  di¬ 
vider  by  diodes.  However,  relay 
contacts  are  used  with  the  con¬ 
troller  to  reduce  the  charge  time  on 
Cl  and  permit  immediate  recycling 
with  no  loss  of  accuracy. 

Timing  Cycle 

The  timing  cycle  is  initiated  by 
operating  Ki  to  remove  the  clamp¬ 
ing  from  plate  and  grid.  When  the 
clamping  is  removed,  the  plate  volt¬ 
age  immediately  drops  approxi¬ 
mately  six  volts.  This  drop  coupled 
through  Cl  forces  the  grid  volt¬ 
age  down  to  a  value  that  reduces 
the  plate  current  to  the  few  micro¬ 
amperes  necessary  to  establish  the 
plate-to-grid  voltage  at  the  initial 
value  e,. 

From  this  time  to  the  end  of  the 
c.vcle,  the  circuit  acts  as  a  Miller 
integrator.  An  almost  constant  ca¬ 
pacitor-discharge  current  is  main¬ 
tained  and  if  properly  designed,  the 
plate  voltage  will  run  down  linearly 
with  time  within  a  fraction  of  one 
percent. 

During  plate-voltage  'run  down, 
the  cathode  voltage  rises  a  slight 
amount  at  a  constant  rate.  Since 
the  plate  current  is  controlled  by 
the  suppressor  grid,  it  is  eventually 
cut  off  as  the  plate  voltage  de- 
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Density  And  Contrast 


FIG.  1 — PhantaatTon  dicuit  used  in  radar 
and  fire-control  equipment 


FIG.  2 — Electronic  timer  circuit  shows  Ri  used  to  set  the  exposure  time  ond  R>  to 
regulate  any  contrast  from  high  to  low 


creases  and  the  cathode  voltage  in¬ 
creases.  At  this  time,  the  plate 
voltage  suddenly  starts  to  rise  and 
causes  the  grid  and  cathode  volt¬ 
ages  to  rise  which  further  in¬ 
creases  plate-current  cut-off.  With 
the  circuit  constants  shown,  the 
plate-voltage  run  down  is  linear 
with  time  over  the  entire  cycle. 

Circuitry 

To  operate  the  timing  circuit. 
Fig.  2,  pushbutton  switch  Si  oper¬ 
ates  relays  Ki  and  Kt.  Contacts  on 
K,  turn  on  the  enlarger,  supply 
power  to  the  thyratron  plates  and 
lock  Kt  and  K,  closed.  When  Ki 
operates,  the  plate-voltage  run 
down  on  Vi  begins.  At  the  end  of 
the  cycle,  the  sharp  rise  in  plate 
voltage  fires  thyratron  V,  to  oper¬ 
ate  relay  Kt.  This  action  interrupts 
current  flow  through  Ki  and  Kt  to 
reestablish  the  initial  conditions. 

Potentiometer  Rt,  diode  V,,  d-c 
amplifier  F,,  thyratron  V„  relay  Kt, 
and  induction  motor  Afi  constitute 
the  contrast-control  section.  Po¬ 
tentiometer  Rt  is  set  to  establish 
the  plates  of  V,  to  any  percentage 
of  the  plate  run-down  voltage. 
Since  the  cathodes  of  F,  are  posi¬ 
tive  with  respect  to  the  plates,  no 


current  flows  through  F,  until  the 
plate  voltage  of  Fi  drops  to  a  value 
equal  to  that  set  on  Rt.  When  the 
voltage  does  drop  to  this  value,  a 
voltage  appears  at  the  grid  of  V„ 
which,  when  amplified  at  the  plate, 
fires  Fi  to  close  relay  Kt.  When  K, 
closes.  Ml,  reverses  direction. 

The  small  induction  motor  is 
mounted  on  the  enlarger  so  that 
the  filters  attached  to  its  shaft  ro¬ 
tate  close  to  the  enlarger  lens.  The 
motor  does  not  run  except  when 
switching  filters.  When  Kt  is  open 
Ml  turns  to  a  stop  that  positions  the 
yellow  No.  1  filter  under  the  lens 
and,  when  Kt  is  closed,  a  stop  posi¬ 
tions  the  blue  No.  10  filter  under 
the  lens.  Switching  time  is  a  frac¬ 
tion  of  a  second.  Relay  Kx  shorts 
F,  plate  and  F,  grid  resistors  for 
rapid  recycling. 

Calibration 

Potentiometers  Rt  and  Rt  permit 
the  timing  cycle  to  be  precisely  ad¬ 
justed  at  the  low  and  high  ends  of 
the  range:  R,  to  set  the  maximum 
time  and  Rt  to  set  the  minimum 
time.  Since  there  is  some  interac¬ 
tion  between  these  adjustments, 
calibration  must  be  repeated  sev¬ 
eral  times  to  insure  accuracy.  With 


several  trials,  the  accuracy  at  each 
end  can  be  set  to  within  one  per¬ 
cent.  Mid-range  accuracy  depends 
on  the  linearity  of  Ri. 

Contrast  Setting 

With  the  circuit  constants 
shown,  any  time  from  6  to  60 
seconds  can  be  set  by  /2,  and  any 
contrast  from  low  to  high  can  be 
set  by  Rt. 

The  density  of  filter  No.  10  is 
normally  greater  than  that  of  No. 
1.  Twice  the  exposure  time  is  re¬ 
quired  with  the  No.  10  filter  than 
with  the  No.  1  to  obtain  the  same 
reflection  density  in  the  print.  If 
this  condition  were  to  exist  with 
the  controller,  the  printing  time 
would  have  to  be  varied  with  differ¬ 
ent  filter  settings. 

A  simple  solution  to  this  problem 
is  to  cement  a  neutral-density  filter 
(one  with  approximately  50  per¬ 
cent  transmission)  over  the  No.  1 
filter.  With  this  arrangement,  no 
printing  time  compensation  is 
necessary  with  different  contrast 
settings. 

The  author  thanks  C.  R.  Smitley, 
W.  J.  Leiss,  C.  K.  Arnold  and  R. 
Swope  for  their  assistance  and 
C.  W.  Young  for  photography. 
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Electronic  integrator-amplifier  simplifies  and  speeds  grading  and  matching 
of  magnetic  cores.  Miller-type  integrator  measures  instantaneous  and  peak 
flux  in  cores  at  excitation  frequencies  of  60,  400  and  1,600  cps.  Design 
approaches  ideal  response  throughout  480-kc  bandwidth  and  provides  closed 
loop  gain  of  two  at  fundamental  excitation  frequencies.  Amplifier  increases 
output  to  required  measurement  level  and  minimizes  phase  shift 


By  CHARLES  E.  GOODELL  Hushes  Aircraft  Company,  Culver  City,  Calif. 


Integrator-Amplifier  for 


Flux-current  loop  characteris¬ 
tics  of  materials  used  in  mag¬ 
netic  cores  determine  the  abliity  of 
a  core  to  function  adequately  in 
amplifying  or  switching  applica¬ 
tions,  or  as  a  simple  magnetic  ele¬ 
ment,  Therefore,  by  measuring  var¬ 
ious  magnetic  properties  of  the  core 
material  beforehand,  the  user  can 
assure  ,  himself  that  the  core  se¬ 
lected  meets  his  specific  require¬ 
ments. 

The  grading  and  matching  of 
cores  and  core  materials  can  be 
accomplished  more  easily  and 
quickly  using  the  integrator- 
amplifier  described  here. 

The  integrator  is  of  the  Miller 
type  and  has  been  designed  specif¬ 
ically  for  measurement  of  magnetic 
core  characteristics  at  excitation 
frequencies  of  60,  400  and  1,600 
cps.  Two  important  magnetic  prop¬ 
erties  of  cores  measured  by  the  in¬ 
tegrator  are  magnitude  of  the  in¬ 
stantaneous  flux  wave  developed  as 
a  function  of  excitation  voltage 
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FIG.  1 — Block  diagram  oi  integrator 


and  peak  flux  within  the  core. 

Since  the  time  integral  of  volt¬ 
age  is  a  measure  of  the  instanta¬ 
neous  flux  existing  in  the  core  and 
since  the  peak  signal  from  the  in¬ 
tegrator  is  proportional  to  the  peak 
flux,  measurement  appears  simple. 
The  requirements  placed  upon  the 
integrator,  however,  are  severe. 
For  this  reason  it  is  necessary,  in 
practice,  to  compromise  between 
accuracy  of  measurement  and  com¬ 
plexity  of  design. 

Initial  Assumptions 

To  solve  the  design  problem,  it 
is  necessary  to  make  certain  initial 
assumptions.  As  finally  conceived, 
the  integrator  design  assumes:  (1) 
the  core  is  excited  by  a  sine  cur¬ 
rent,  (2)  the  crest  factor  of  the 
induced  voltage  wave  will  not  ex¬ 
ceed  a  factor  of  50,  (3)  the  mini¬ 
mum  rms  induced  signal,  for  the 
smallest  core  and  least  number  of 
turns  on  the  pickup  coil,  will  al¬ 
ways  exceed  the  equivalent  rms  in¬ 
put  noise  of  the  integrator  by  a 
factor  of  at  least  5,  (4)  the  inte¬ 
grator  response  can  be  dealt  with 
using  superposition  of  solutions 
and  (5)  the  induced  voltage  wave 
can  be  simulated  by  straight-line  ap¬ 
proximations.  Those  factors  which 
materially  influence  integrator  op- 


FIG.  2 — Output  amplitude  of  first  ampli¬ 
fier  stage  plotted  os  function  of  fre¬ 
quency  (theoretical  and  actual) 


FIG.  3 — Output  phase  angle  of  first  am¬ 
plifier  stage  plotted  as  function  of  fre¬ 
quency  (theoretrical  and  actual) 


eration  are  treated  as  separate 
problems.  Thus,  the  effect  of  each 
system  parameter  can  be  analyzed 
and  its  effect  on  overall  system 
operation  predicted. 
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FIG.  A — Int»9iator  (left)  quaatitatiyely  meosuTM  magnetic  core  properties  to  supply  data  used  lor  predetermining  core  periormonce. 
Weak  integrator  output  is  increased  to  usable  magnitude  by  ompliiier  (right) 


Core  Measurements 


Initially,  the  design  of  the  inte¬ 
grator  is  analyzed  as  though  am¬ 
plifiers  were  perfect  devices  having 
constant  gain  and  no  phase  shift. 
This  approach  illustrates  the  man¬ 
ner  in  which  the  product  of  the 
R-C  feedback  network  and  the  mag¬ 
nitude  of  the  first-stage  gain  in¬ 
fluences  integration  effectiveness. 

A  block  diagram  of  the  integra¬ 
tor  is  shown  in  Fig.  1.  Steady  state 
integration  response  of  this  circuit 
is  expressed  as 

E,  1 

AiE  “  uRC(,l  +  A,) 


FIG.  4 — Induced  voltage  wove  generated 
by  sublecting  toroidal  core  made  oi  4-79 
Molypermalloy  to  a  400-cps  sine  current 
excitation  equivalent  to  0:5  oersteds  ot 
peok.  Pick-up  loop  consisted  oi  two  turns 
closely  coupled  to  core 


_ ^ _ I 

[RC{1  -t-  .4,)]-^  -f  f 
cos  (ut  +  rl/)  (1) 

where  E  and  E,  represent  maxi¬ 
mum  values  of  the  input  and  out¬ 
put  signals  respectively,  and  = 
90°  -  T&n-^a>RC  (1  -t-  Ax). 

In  deriving  Eq.  1,  it  was  assumed 
that  the  complex  input  wave  could 
be  represented  by  a  series  of  sinu¬ 
soidal  terms  of  the  form 
sin  and  that  the  gain  of  the 
amplifier  stage  would  remain  con¬ 
stant  and  independent  of  frequency. 
Plots  of  the  magnitude  and  phase 
characteristics  of  Eq.  1  are  shown 
in  Fig.  2  and  3. 

An  examination  of  these  charac¬ 
teristic  curves  indicates  that  rela¬ 
tively  large  values  of  the  term  RC 
(1-fA,)  are  required  if  the  device 
is  to  approach  the  action  of  a  true 
integrator  for  all  frequencies.  Usu¬ 
ally  it  is  not  difficult  to  obtain  rela¬ 
tively  large  RC  (l-fA,)  products; 
however,  this  is  not  in  itself  desir¬ 
able.  At  any  specific  frequency  /„ 
increasingly  large  values  of  the  RC 
(1-f-A,)  product  give  rise  to  dimin¬ 
ishing  values  of  the  term  E,/AiE. 
Although  the  integration  action  be¬ 
comes  more  nearly  perfect,  the  out¬ 
put  signal  is  diminished  in  mag¬ 
nitude  and  may  become  so  small 


FIG.  5 — Straight  line  approximation  oi 
induced  voltage  wave  shown  in  Fig.  4 


as  to  be  unusable  or  obscured  by 
internally  generated  system  noise. 

R-C  Combinations 

Because  of  the  influence  of  the 
term  RC  (1-f-A,)  upon  integration 
effectiveness  and  upon  output  sig¬ 
nal  level,  it  is  generally  necessary 
to  provide  separate  R-C  combina¬ 
tions  which  can  be  switched  into 
the  integrator  loop.  One  combina¬ 
tion  should  be  available  for  each 
test  frequency  normally  used. 

In  the  construction  of  the  inte¬ 
grator  three  separate  R-C  combina¬ 
tions  were  employed  which  gave 
RC  (1  +  A,)  products  of  1  for  60 
cps,  0.151  for  400  cps  and  0.037  for 
1,600  cps.  These  products  were  se¬ 
lected  so  that  the  term  E,lAiE  was 
the  same  at  each  test  frequency. 

Although  selection  of  the  value 
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FIG.  7 — Harmonic  spectrum  oi  induced  Toltage  wave  shown  in  Fig.  4.  All  even  har¬ 
monics  ^ore  zero  amplitude  for  sine  current  excitation 


of  the  RC  (1-f  A,)  product  usually 
must  be  compromised,  it  can  be 
shown  that  term  A,  should  be  as 
large  as  possible.  The  larger  the 
stage  gain  in  amplifier  A„  the 
larger  will  be  the  integrated  out¬ 
put  signal  for  any  given  RC  (l+Ai) 
product.  The  practical  limit  of  A, 
is  determined  primarily  by  the 
gain-bandwidth  requirement  for  the 
stage  which  is  a  function  of  the 
type  of  tube  selected. 

The  integrator  must  possess  a 
bandwidth  of  approximately  0.5  me 
for  proper  operation.  By  using  a 
receiving  tube  pentode  in  the  first 
amplifier  stage  and  assuming  that 
the  total  stray  circuit  capacitance 
can  be  held  between  10  and  15/x^f,  it 
is  possible  to  realize  gain-bandwidth 
factors  of  45  to  60  me.  This  factor, 
in  conjunction  with  the  bandwidth 
requirements,  limits  the  first  stage 


gain  to  a  90-to-120  range. 

It  has  been  experimentally  de¬ 
termined  that  the  first-stage  am¬ 
plifier  can  possess  a  phase  shift  of 
approximately  i  of  a  deg  at  the 
fundamental,  or  excitation,  fre¬ 
quency  without  introducing  notice¬ 
able  error.  If  the  amplifier  is  con¬ 
sidered  to  be  a  simple,  single-stage, 
R-C-coupled  amplifier  with  a  i-deg 
phase  shift,  the  low-frequency  3-db 
point  o),  is  approximately  equal  to 
(i)/230  which  agrees  with  a  value 
obtained  by  Lord.’  This  relation¬ 
ship  indicates  that  the  low-fre¬ 
quency  response  of  the  amplifier 
must  be  extremely  good.  For  ex¬ 
ample,  if  the  lowest  excitation  fre¬ 
quency  is  60  cps,  the  low-frequency 
3-db  point  must  occur  at  approxi¬ 
mately  0.26  cps.  Therefore,  the  to¬ 
tal  integrator  phase  shift  at  60  cps 
and  with  an  RC  (1+A,)  product 


equal  to  one  is  a  composite  effect 
resulting  from  a  0.25-deg  phase 
shift  in  the  amplifier  and  a  0.15- 
deg  phase  shift  introduced  by  the 
noninfinite  RC  (1+A,)  integration 
product. 

High-Frequency  Requirements 

In  general,  the  induced  voltage 
wave  is  nonsinusoidal  and  possesses 
many  harmonics  of  relatively  large 
amplitude.  An  oscillograph  of  an 
actual  induced  voltage  waveform  is 
shown  in  Fig.  4.  An  assumed 
straight-line  approximation  of  this 
waveform  is  shown  in  Fig.  6. 

Assume  that  an  induced  voltage 
can  be  represented  satisfactorily  by 
the  straight-line  values  K  =  0.075 
and  d  =  0.25.  When  inserting  these 
values  in  the  Fourier  expansion  for 
the  waveform  approximation,  the 
amplitude  of  the  thirty-third  har¬ 
monic  is  ten  percent  of  the  ampli¬ 
tude  of  the  fundamental  frequency 
component.  Similarly,  signals  hav¬ 
ing  higher  crest  factors  possess 
correspondingly  greater  spectrums 
and  require  greater  amplifier  band¬ 
width  for  faithful  reproduction  of 
the  impressed  signal. 

Induced  voltages  obtained  may 
have  crest  factors  as  high  as  fifty- 
to-one  as  demonstrated  by  Roberts.’ 
To  properly  reproduce  a  signal  of 
this  type,  the  high-frequency  3-db 
point  of  amplifier  A,  must  occur 
at  a  frequency  approximately  300 
times  that  of  the  highest  funda¬ 
mental,  or  excitation  frequency 
employed.  Since  the  integrator  is 
designed  to  operate  at  excitation 
frequencies  from  60  to  1,600  cps. 


\MPLITUDE  RATIO  OF  HARMONICS 
TO  FUNDAMENTAL  COMPONENT 

p  p  p  p 

K>  <T>  00  O 

•  MEASURED 
xTHEORETICAL 

A-"' 

-FUNI 

)AMENTAL 

J 

1 

Ji 

J  K!  : 

0 

4  8  12  16  20 

HARMONIC 

FIG.  8 — Integrator  output  spectrum  gen¬ 
erated  by  input  driving  function  shown 
in  Fig.  4.  Comparison  between  measured 
and  theoretical  response  is  also  given 
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FIG.  11 — Antpliiier  tchematic.  Special  feedback  technique  minimisea  phaae  ahiit  over 
0.3-cpa  to  6S0-kc  range  at  the  3  db  points.  Gain  without  feedback  is  12.500 


the  overall  frequency  responste  of 
the  first  amplifier  stage  must  ex¬ 
tend  from  0.26  cps  to  0.48  me. 

Integrator  Design 

The  integrator,  shown  schema¬ 
tically  in  Fig.  6,  is  designed  in  ac¬ 
cordance  with  the  theoretical 
criteria.  Tubes  F,,  and  F,. 
make  up  the  first  amplifier  stage 
A,.  Because  of  the  extreme  low- 
frequency  response  required,  no 
attempt  was  made  to  by-pass  the 
cathode  circuit  of  F,.  Resulting 
current  feedback  reduces  the  over¬ 
all  first  stage  gain  from  a  theoreti¬ 
cal  value  of  100  to  a  value  of  50. 
At  the  same  time,  a  certain  amount 
of  gain  stabilization  is  produced. 

Screen  degeneration  is  reduced 
to  a  small  value  by  supplying  the 
screen  from  cathode-follower  stage 
V^.  The  integration  R-C  loop  is 
made  up  of  the  input  resistor  R, 
and  one  of  the  three  capacitors  C„ 
Ci  and  Ca.  First-stage  gain  can  be 
set  precisely  to  a  value  of  50  by 
placing  switch  S,  in  position  4  to 
open  the  integration  loop  and  then 
adjusting  cathode  resistor  R.. 


FIG.  9 — Flux-current  loop  out  of  inte¬ 
grator  08  seen  on  cro 


FIG.  10 — Inteqrotor  output  voltage  gen¬ 
erated  from  driving  function  shown  in 
Fig.  as  seen  on  cro 


Remainder  of  the  integrator 
circuit  is  made  up  of  a  wide-band, 
moderate-gain  amplifier  and  cath¬ 
ode-follower  designed  to  work  into 
a  600-ohm,  resistive  T-pad  attenu¬ 
ator.  Overall  open-loop  gain  of  the 
integrator  is  adjusted  to  a  value 
of  740  which,  in  turn,  makes  the 
second  stage  gain  14.8.  With  this 
gain  established,  open-loop  rms 
noise  output  with  shorted  input  is 
6  mv.  Overall  closed-loop  gain  at 
the  fundamental  frequency  is  pre¬ 
cisely  2  as  can  be  determined  from 
Fig.  2. 

Peak-to-peak  output  voltage  is 
related  to  the  peak  flux  in  the  core 
by  the  integration  constant  of  the 
integrator.  This  is  expressed  as 

*1*  =  Iv  hfoip—p 

where  <l>  =  peak  flux  and 

K  =  +  ^1)10" 

2A,A,« 

where  n  is  the  pick-up  coil  turns. 

Integrator  Performance 

To  evaluate  the  performance  of 
the  integrator,  the  harmonic  spec¬ 
trum  of  the  induced  voltage  wave, 
shown  in  Fig.  4,  was  measured  us¬ 
ing  a  GR  type  736-A  wave  ana¬ 
lyzer.  A  plot  of  the  spectrum  ap¬ 
pears  in  Fig.  7.  With  this  input 
signal  applied,  the  integrator  out¬ 
put  signal  spectrum  was  similarly 
measured  and  is  as  in  Fig.  8. 

Ideally,  the  integrator  response 
should  fall  off  at  a  rate  of  6  db  per 
octave;  therefore,  the  integrator 
performance  was  compared,  com¬ 
ponent  by  component,  with  the 
theoretically  determined  perform¬ 
ance.  This  has  been  done  and  is 
in  the  spectrum  shown  in  Fig.  8. 
Examination  of  the  graph  indicates 


that  the  integrator  matches  the 
theoretical  performance  within  the 
accuracy  obtainable  from  the  meas¬ 
uring  method  used.  Traces  of  the 
flux-current  loop  signal  and  output 
voltage  from  the  integrator  are 
shown  in  Fig.  9  and  10. 

Amplifier  Design 

Since  the  closed  loop  integrator 
gain  is  only  two  at  fundamental 
frequencies,  it  is  usually  necessary 
to  provide  additional  amplification 
of  the  output  signal  for  measure¬ 
ment  and  cro  display  purposes.  To 
fulfill  this  need,  a  wideband  ampli¬ 
fier  with  80-db  gain  was  designed. 

Bandwidth  requirements  are  the 
same  as  previously  specified  for  the 
integrator  if  the  amplifier  is  to  pre¬ 
cede  the  integrator.  However,  if 
the  amplifier  is  used  following  the 
integrator,  the  high-frequency  re¬ 
sponse  does  not  need  to  be  as  good. 

A  schematic  diagram  of  the  am¬ 
plifier  as  actually  constructed  is 
shown  in  Fig.  11.  The  design  is 
straightforward  except  for  the 
method  of  inserting  the  main  feed¬ 
back  signal. 

Since  the  bandwidth  is  relatively 
great,  0.3  cps  to  650  kc  at  the  3-db 
points,  it  is  very  important  that 
phase  shifts  in  the  feedback  loop 
be  minimized  over  the  whole  range. 
Therefore,  the  feedback  signal  is 
applied  to  one  grid  of  dual-triode 
amplified  F,  and  is  combined  with 
the  main  path  signal  in  the  com¬ 
mon  resistor  of  the  same  stage. 
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Three-Stage  fast-response  magnetic  servo  amplifier  occupies  only  22  cubic 
inches  in  military  airborne  gyroscope  indicator.  Amplifier  has  balanced  two- 
core  input,  alternate-firing  output  stage  and  synchronous  interstage  switches 
to  eliminate  interaction  between  stage?.  Power  gain  approaches  60  dh  with 
less  than  =ti-deg  zero  drift 


By  CLIFFORD  C.  VOICE  Electrical  De.sign  Section  Head,  Lear  Incorporated,  Grand  Rapid.s,  Michigan 

Magnetic  Amplifier 


There  has  been  considerable 
activity  in  recent  years  toward 
the  application  of  fast-response 
magn'etic  amplifiers  in  high-per¬ 
formance  servo  systems.  Avail¬ 
ability  of  silicon  diodes  within  the 
last  two  years  has  made  the  use  of 
magnetic  amplifiers  attractive  for 
military  and  airborne  applications 
where  extreme  environments  are 
encountered.  These  amplifiers  are 
rugged,  yet  may  still  be  small  and 
light  weight,  even  to  the  extent 
of  comparing  favorably  in  size  and 
weight  with  equivalent  transistor 
circuits  in  many  applications. 

One  particularly  challenging  mili¬ 
tary  airborne  application  required 
a  3-in.  vertical  gyro  indicator  with 
self-contained  servo  amplifiers.  The 
amplifiers  could  not  be  mounted 
with  the  gyro  as  in  other  systems, 
as  this  aircraft  employed  a  master 
gyro  reference  system.  Other  re¬ 
quirements  were  for  a  fast  re¬ 
sponse,  a  300  deg  per  sec  follow-up 
rate  and  ±0.5-deg  accuracy. 
Accuracy  requirements  dictated 


a  required  amplifier  power  gain  ap¬ 
proaching  60  db,  considering  the 
power  limitations  of  the  velocity 
generator  output.  One  watt  of  con¬ 
trol  power  was  required  by  the 
servo  motor  for  rated  performance. 

Half-wave  magnetic  amplifiers 
were  chosen  for  their  fast  response 
and  small  size. 

Circuit 

Since  a  half-wave  amplifier  is 
limited  to  about  20  db  of  gain  at 
these  low  power  levels,  a  three-stage 
amplifier  is  required.  Only  five  re¬ 
actor  assemblies  are  required  for 
the  complete  amplifier  shown  in 
Fig.  1.  Supply  voltages  are  shown 
as  voltage  generators  to  simplify 
the  schematic.  Many  of  these  volt¬ 
ages  can  be  obtained  from  a  com¬ 
mon  transformer  secondary  wind¬ 
ing  with  appropriate  taps. 

The  input  stage  employs  a  two- 
core  balanced  (differential)  con¬ 
figuration  with  each  core  biased 
near  the  middle  of  its  linear  range. 
The  diodes  are  so  arranged  that 


both  cores  are  reset  during  the  same 
half-cycle  of  the  supply  voltage. 
Such  an  arrangement  has  inherent 
half -cycle  response,  eliminating  the 
possibility  of  induced  voltages  in 
the  control  windings  creating  a 
time-constant  effect. 

Biasing  for  the  first  stage  is  ob¬ 
tained  from  voltage  Ek  acting 
through  Rhu  D„  and  Z).  on 
reset  half-cycles.  During  output 
half-cycles,  £■«  blocks  D,  ,  and  D, 
preventing  current  flow  through  the 
signal  source  due  to  induced  volt¬ 
ages.  Since  the  signal  is  connected 
to  the  control  winding  only  during 
the  reset  period,  it  need  only  supply 
the  incremental  current  required  to 
increase  or  decrease  the  flux  reset. 

Theoretically  the  input  imped¬ 
ance  would  be  infinite  (zero  signal 
current  flow)  if  the  usual  idealized 
rectangular  hysteresis  loops  are 
assumed.  Realistically,  however,  a 
finite  input  impedance  exists  since 
the  flux  reset  versus  half -cycle  aver¬ 
age  current  always  exhibits  a  defi¬ 
nite  slope.  The  reactors  used  in  this 
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Complete  gyroscope-indicator  magnetic-seryo-ampliiier  unit  is  checked  out  on  test  bench 


Drives  Gyro  Indicator 


reset  periods  for  the  second  stage, 
D,  is  blocked  by  a  voltage  equal  to 
Ei  +  Et  +  Ec  due  to  the  switching 
action  of  D,. 

The  third  stage  uses  two  cores  in 
an  alternate  output  firing  arrange¬ 
ment.*  The  upper  core  receives  its 
input  from  the  second  stage, 
whereas  the  lower  core  is  actually 
reset  by  the  third  stage  upper  core 
one  half-cycle  later. 

Each  core  will  have  one-half  out¬ 
put  (90-deg  firing)  for  zero-signal 
conditions.  The  firing  angle  of  one 
is  then  advanced  while  the  other  is 
retarded  as  signal  is  introduced. 
Null  and  full  output  waveforms  are 
shown  in  Fig.  2.  Note  that  the 
fundamental  a-c  component  is  po¬ 
larity  reversing,  although  a  unidi¬ 
rectional  d-c  signal  is  also  present. 


design  typically  exhibit  a  5,000-ohm  The  second  stage  consists  of  a 
incremental  impedance.  single-core  amplifier  biased  for  one- 

half  reset  (90-deg  firing  angle  in 
Bias  Stabilizafion  output)  for  zero  signal.  In  prac- 

Resistors  R31  and  Ea,  provide  bias  tice  no  bias  supply  is  used,  but 

stabilization  for  the  input  stage  by  instead  the  first  stage  is  intention- 

reducing  the  effective  source  im-  ally  biased  away  from  null  to  pro- 

pedance  of  the  bias  network,  while  duce  the  required  output  from  the 

permitting  Eg  to  be  large  enough  second  stage  by  the  proper  selection 

to  cause  positive  switching  of  D,  of  Rn  and  Rb2.  An  input  signal  then 

and  Dj.  advances  or  retards  the  second 

Output  of  the  first  stage  is  ob-  stage  output  firing  angle,  depending 

tained  as  the  differential  voltage  on  the  signal  polarity, 
arcoss  R,  and  R;.  The  synchronous 
switch  circuit  comprising  E,,  R^  and 
Z>,-.  connects  E^  to  the  junction  of 
Ri  and  R.,  during  output  half-cycles. 

During  reset  half -cycles,  is 
blocked,  developing  a  reverse  volt¬ 
age  equal  to  E.  across  it,  while  Z), 
and  D,  are  blocked  by  a  voltage 
equal  to  £",  -|-  E,.  This  produces 
positive  blocking  action,  preventing 
any  interaction  effect  between  the 
first  two  stages.  Additionally,  it 
allows  the  first  stage  to  fully  utilize 
nonsinu.soidal  input  signals  such  as 
pulses  without  saturation  effects. 


Synchronous  Switching 

Synchronous  switches  are  used  in 
the  output  of  the  second  stage.  They 
operate  such  that  D,  and  D,  are 
blocked  during  the  output  half-cycle 
for  the  second  stage.  At  the  same 
time,  D,  conducts  to  tie  supply  volt¬ 
age  Et  4-  E,  between  the  second 
stage  and  the  control  winding  of  the 
third  stage  upper  core,  which  be¬ 
comes  the  second  stage  load. 

The  third  stage  lower  core  is 
completely  isolated  by  the  switching 
action  during  this  period.  During 


Core  Reset 

While  the  upper  core  is  being 
reset  by  the  second  stage,  D,  and  D, 
are  blocked,  isolating  the  lower  core 
control  winding.  On  the  following 
half -cycle  (the  reset  period  for  the 
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FIG.  2 — Output  wOTeforma  of  omplUier 
for  three  different  conditiont 


lower  core) ,  D»  conducts  due  to  the 
action  of  +  E,’,  Dt  also  conducts 
due  to  Ee  which  now  becomes  a  bias 
voltage. 

The  amplitude  of  E^  is  sufficient 
to  fully  reset  the  lower  core,  if  no 
other  voltages  are  present.  How¬ 
ever,  acting  in  series  with  Et  is  the 
control  winding  of  the  upper  core 
which  is  in  its  output  half-cycle. 
Until  the  upper  core  saturates,  it 
will  have  an  induced  voltage  pres¬ 
ent  on  its  control  winding  which 
opposes  Ei.  Since  the  flux  change 
required  to  saturate  a  core  is  equal 
to  the ‘total  flux  reset  received,  this 
induced  voltage  is  proportional  to 
the  last  previous  reset  voltage  re¬ 
ceived  by  the  upper  core  and  so  may 
be  used  to  drive  the  lower  core. 

This  arrangement  causes  the  re¬ 
set  of  the  lower  core  to  increase  as 
the  reset  of  the  upper  core  is  de¬ 
creased,  producing  the  desired  op¬ 
eration. 

The  switching  is  such  that  the 
induced  voltage  in  the  control  wind- 


FIG.  3 — Amplifier  gain  curres  measured 
with  in-phase  roltmeter 


ing  of  the  lower  core  never  influ¬ 
ences  the  upper  core.  Thus  the  half¬ 
cycle  response  of  the  upper  core  is 
preserved.  The  lower  core  is  then 
essentially  a  slave  stage,®  producing 
its  output  one  half-cycle  later. 

Circuit  Advantages 

The  alternate  firing  arrangement 
of  the  output  stage  is  preferred 
over  any  simultaneous  firing  con¬ 
figurations  because  of  its  higher 
efficiency.  This  may  not  be  immedi¬ 
ately  obvious,  since  both  cores  are 
biased  for  90-deg  firing.  However, 
in  simultaneous  firing  circuits,  at 
null,  both  cores  fire  at  the  same  time 
producing  a  short-circuiting  effect 
which  causes  high  circulating  cur¬ 
rents.  No  such  effect  occurs  when 
alternate  firing  is  used. 

A  further  advantage  of  the  out¬ 
put  configuration  is  that  the  output 
signal  is  always  in  phase,  either 
0  deg  or  180  deg,  with  respect  to 
the  supply  voltage  regardless  of  out¬ 
put  amplitude.  The  resultant  gain 


curves,  shown  in  Fig.  3,  as  meas¬ 
ured  with  an  in-phase  voltmeter  are 
extremely  linear,  showing  no  sign 
of  dishing  at  null. 

Circuit  Analysis 

The  theory  of  using  synchronous 
switches  in  magnetic  amplifiers  has 
appeared  in  the  literature*'  *  and  is 
too  lengthy  to  repeat  in  detail  here. 
However,  a  brief  discussion  of  the 
essential  features  is  in  order,  as  it 
has  considerable  influence  on  the 
individual  reactor  designs  and  on 
the  overall  performance  of  the 
system. 

Figure  4A  illustrates  a  test  cir¬ 
cuit  representative  of  a  single  core 
amplifier  such  as  the  second  stage 
of  the  indicator  amplifier.  Test 
switch  S„  when  closed,  allows  the 
amplifier  to  function  in  a  conven¬ 
tional  manner.  With  Si  open,  the 
synchronous  switch  is  allowed  to 
operate.  Waveforms  for  each  casa 
are  shown  in  Fig.  4B. 

The  available  blocking  voltage 
for  the  output  rectifier  during  the 
reset  period  is  Ei  with  S,  closed, 
whereas  it  is  E,  +  E,  with  Si  open. 
Signal  voltage  E„  while  resetting 
the  core,  will  induce  a  voltage  in  the 
output  winding  which  will  oppose 
El  and  E.. 

Should  the  induced  E,  exceed  E, 
with  Si  closed,  the  shaded  portion 
of  Er  would  be  lost  due  to  unblock¬ 
ing  of  the  rectifier  and  the  resultant 
current  would  load  the  signal  source 
by  transformer  action.  With  S, 
open,  the  synchronous  switch  in¬ 
creases  the  blocking  voltage  and 
permits  the  full  use  of  such  non- 
sinusoidal  waveforms. 

To  reset  fully  the  test  circuit  of 
Fig.  4A,  the  reset  volt-seconds  must 
equal  the  gate  circuit  supply  volt- 
seconds  (Jo*  Eidt).  With  a  synchro¬ 
nous  switch,  full  reset  can  be 
achieved  with  a  narrow  pulse, 


FIG.  S — Open-loop  ompliiler  phase  lag 


FIG.  4 — Single-core  test  amplifier  (A)  and  output  waTeforms  (B)  with  Si  open  and  closed 
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FIG.  6 — Block  diagram  oi  roll-axis  channel.  External  control  for 
pilot  is  provided  for  trimming 


Indicator  unit  with  magnetic  amplifier  at  rear  gives  relative 
indication  oi  compact  packaging  achieved 


Typically,  a  zero  drift  of  less  than 
± }  deg  has  been  encountered  in 
this  application  for  varying  com¬ 
binations  of  temperature  (—55  C 
to  +100  C),  line  voltage  (±10  per¬ 
cent)  and  frequency  (±5  percent). 

Performance 

Overall  performance  of  the  am¬ 
plifier  in  the  indicator  is  shown 
in  Figs.  3  and  5.  The  theoretical 
phase  lag  curve  of  Fig.  5  is  pre¬ 
dicted  with  the  assumption  of  a 
total  time  delay  of  2  cycles  (0.005 
sec).  Net  power  gain  utilized  in 
this  application  is  about  56  db. 

Dead  zone  of  the  sphere  due  to 
friction  and  other  factors  is  typi¬ 
cally  less  than  0.1  deg.  Dynamic 
lag  for  the  system  is  about  5  deg 
at  the  maximum  rated  velocity  of 
300  deg  per  sec.  Excellent  damping 
is  achieved,  so  that  no  perceptible 
overshoot  is  observed  as  a  result  of 
a  step-input  displacement  command. 

A  prototype  indicator  employing 
half-wave  magnetic  amplifiers  is 
shown  in  the  photographs.  The  for¬ 


ward  half  of  the  package  contains 
the  sphere  with  its  associated 
motor-generators,  gear  trains,  slip 
rings  and  synchros  for  both  the 
pitch  and  roll  axes.  The  back  half 
of  the  package  contains  all  the  as¬ 
sociated  circuits  for  the  two  chan¬ 
nels,  including  two  three-stage  am¬ 
plifiers,  excitation  transformers, 
tuning  and  phase-splitting  capac¬ 
itors. 

Packaging 

A  printed  circuit  board  mounted 
on  one  side  of  the  electronic  as¬ 
sembly  contains  the  required  re¬ 
sistors,  silicon  diodes  and  all  tie 
points.  Reactors,  capacitors  and 
transformers  are  cast  into  an  ir¬ 
regularly  shaped  block  to  provide 
maximum  utilization  of  the  avail¬ 
able  space.  The  complete  electronic 
package  has  a  volume  of  only  22 
cubic  inches. 

A  block  diagram  of  the  roll  axis 
system  configuration  is  shown  in 
Fig.  6.  The  pitch  axis  is  similar, 
except  that  a  trim  potentiometer  is 
added  to  the  synchro  control  trans¬ 
former  output  to  allow  pilot  adjust¬ 
ment  for  individual  aircraft  trim 
requirements.  Velocity  feedback  is 
used  in  both  axes  to  obtain  maxi¬ 
mum  performance. 


whereas  a  sine  wave  or  at  least  a 
signal  voltage  equaling  or  exceed¬ 
ing  E,  throughout  180  deg  is  re¬ 
quired  for  the  conventional  circuit. 
When  used,  this  feature  permits 
to  be  obtained  from  a  previous  mag¬ 
netic  amplifier  stage  and  full  con¬ 
trol  is  achieved  on  the  second  stage 
for  only  a  few  degrees  of  firing 
angle  variation  on  the  first  stage. 
Thus  firing  angle  amplification  is 
achieved. 

Firing  Angle 

Firing  angle  amplification  is  used 
between  the  first  and  second  stages 
of  the  indicator  amplifier  to  permit 
use  of  a  larger  and  more  practical 
core  size  in  the  first  stage.  The 
first  stage  can  also  operate  at  its 
highest  gain  point,  since  it  is  a 
differential  type  and  is  not  required 
to  operate  over  its  full  useful  range. 

Additionally,  and  most  impor¬ 
tant,  due  to  the  increased  linear 
range  on  the  first  stage,  it  can  in¬ 
tegrate  larger  extraneous  signals 
during  the  reset  interval  without 
saturation  effects.  This  provides  an 
inherent  quadrature  rejection  abil¬ 
ity  of  considerable  importance  in 
many  applications.  Whereas  the  in¬ 
dicator  amplifier  produces  full  out¬ 
put  for  approximately  0.068  v  of 
in-phase  signal,  0.5  v  of  quadrature 
will  not  appreciably  alter  its  in- 
phase  gain. 

A  disadvantage  of  using  firing 
angle  amplification  is  that  the  zero 
drift  problem  is  increased  since  the 
unbalance  drift  will  also  be  ampli¬ 
fied.  Shunt  resistors  and 
and  or  matched  input  cores  are  used 
as  required  to  minimize  this  effect. 
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FICi.  1 — Two-*taqe  amplifier  with  a  crystal  load  generates  stcd»le  fixed-frequency  oscilla¬ 
tions  (A);  equiralent  circuit  (B)  simplifies  loop  gain  calculation 


Crystal  Oscillatoi 


Two-stage  crystal  feedback  amplifier  operates  at  9.1  kc  with  long-term  fre¬ 
quency  stability  of  a  few  parts  per  million.  Operating  frequency  can  be 
pulled  off  resonance  by  adjustment  of  trimmer  capacitor  in  series  with 
crystal.  Applications  include  constant-frequency  power  source  for  gyroscopic 
precision  integrator  and  regulated  carrier  frequency  for  electrical  resolvers, 
industrial  generators  and  phase  computing  networks 


CONVENIENT  CALIBRATION  ad¬ 
justment  may  be  provided 
in -some  analog  and  digital  systems 
by  deviating  the  carrier  frequency 
by  a  small  but  accurately  known 
amount.  This  article  describes  the 
design  of  a  fixed-frequency  oscilla¬ 
tor  with  long-term  frequency  sta¬ 
bility  of  a  few  parts  per  million  and 
provision  for  manually  varying  the 
output  frequency  a  few  cps  in  cali¬ 
brated  increments. 

Design 

Requirements  of  a  low  frequency 
of  9.1  kc  with  high  stability  neces¬ 
sitated  the  use  of  a  special  high-Q 
crystal  with  low  variation  in  nom¬ 
inal  frequency  over  a  fairly  wide 
temperature  range. 

Current  degeneration  type  bias¬ 
ing  compensates  for  the  effects  of 
leakage  currents  flowing  from  col¬ 
lector  to  base.  The  bias  stabiliza¬ 
tion  network  yields  a  factor  of  two 
to  limit  the  fluctuation  in  output 
voltage  to  less  than  ±5  percent  over 
the  range  of  —  65  C  to  -|-65  C. 


The  basic  circuit  for  fixed-fre¬ 
quency  operation  in  shown  in  Fig. 
lA.  From  the  equivalent  circuit  of 
Fig.  IB,  when 

ffn  »  ffji  +  Crnt  -|-  Gi>i,  and  gn  >!>  Gpi, 

the  loop  current  gain  of  the  ampli¬ 
fier  is 

r -  ^  /  _ _ OcBl  Oehi  pLi  _\(  Gcryi  \ 

Y  ffrfj  d"  Gm  +  Gl2  J  -|-  Gcryt  j 

where  Go  =  d-c  collector  load  con¬ 
ductance,  flf„  and  =  a-c  input  con¬ 
ductances  of  the  transistors,  = 
transistor  output  conductance,  = 
parallel  conductance  of  the  biasing 
network,  G/,.  =  total  conductance  of 
the  attenuation  network  and  G,  =: 
conductance  of  one  leg  of  attenuat¬ 
ing  network. 

Current  gain  of  the  amplifier 
varies  from  20  to  500  at  crystal  reso¬ 
nance  depending  on  transistor  /8. 

Output  amplitude  of  the  oscillator 
is  limited  only  by  the  nonlineari¬ 
ties  in  the  loop.  Since  the  2N123 
has  a  Zener  breakdown  of  16  v  that 
varies  with  age,  temperature  and 


unit,  provision  must  be  made  to 
prevent  an  output  rise  to  16  v.  Also 
the  maximum  allowable  voltage 
across  the  crystal  is  1  v.  The  circuit 
can  be  designed  to  limit  the  output 
to  any  desired  value  lower  than  the 
Zener  value  by  shaping  the  d-c  and 
a-c-load  lines.  The  relatively  high 
collector  supply  voltage  is  needed 
for  bias  stabilization. 

Crystal  Pulled  Off  Resonance 

Oscillation  frequency  may  be' var¬ 
ied  by  inserting  a  1  to  100-ft/xf  trim¬ 
ming  capacitor,  in  series  with  the 
crystal  and  adjusting  it  to  the  de¬ 
sired  frequency.  Since  the  circuit 
only  oscillates  when  the  phase  shift 
around  the  loop  is  zero,  the  crystal 
acts  as  an  inductance  at  the  new 
resonant  frequency  and  the  loop 
gain  is  larger  than  one. 

The  effective  feedback  circuit  re¬ 
sistance  increases  as  the  square  of 
the  change  in  frequency  from  reso¬ 
nance  thereby  increasing  the  atten¬ 
uation  of  the  feedback  circuit  and 
requiring  a  larger  open-loop  gain. 
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Engineer  records  obserrattons  o!  9.1>kc  oscUlotor  perionnoace 


FIG.  3 — Three-stage  crystal  oscillator  prorides  greater  power  output 


Has  Variable  Frequency 


FIG.  2 — Crystal  resistance  as  function  of 
deviation  from  resonant  frequency  of 
9.100.6  cps  with  crystol  portially  or  en¬ 
tirely  enclosed  within  oven 

The  effective  crystal  resistance 
may  be  found  from  R,  where 

-  (4xLA//X„)]* 
and  effective  reactance  from 
A’.  ^  4vLa//[1  -  (ixLAf/X„)] 

where  R,  L  and  Xr,  are  crystal  con¬ 
stants  at  series  resonance  valid 
when 

f  »9t  ^  f  ■¥  At  ^  /antlres. 

Crystal  Parameters 

To  measure  effective  resistance 
Re  and  reactance  X,  of  the  crystal  as 
a  function  of  frequency  deviation 
Af  from  crystal  resonance.  A  known 
value  of  capacitance  is  inserted  in 
series  with  the  crystal  and  the  os¬ 
cillator  frequency  is  varied  to  ob¬ 


tain  maximum  transfer.  Frequency 
of  the  oscillator  is  measured  at 
maximum  voltage  transfer. 

Measurements  were  performed 
with  the  crystal  partially  and  com¬ 
pletely  oven  enclosed  for  several 
values  of  capacitance  inserted  in 
series  with  the  crystal.  Curve  1  of 
Fig.  2  shows  a  rapid  increase  in 
feedback  circuit  resistance  as  fre¬ 
quency  deviates  from  resonance 
indicating  that  the  gain  of  the  am¬ 
plifier  must  be  high  to  obtain  a 
moderate  frequency  pull. 

When  the  circuit  requires  a  min¬ 
imized  frequency  drift,  the  crystal 
should  be  enclosed  in  a  constant- 
temperature  oven  to  minimize  tem¬ 
perature  variation  effects.  This  in¬ 
creases  the  parallel  capacitance 
across  the  crystal  and  also  the  at¬ 
tenuation  of  the  circuit  as  a  func¬ 
tion  of  frequency  deviation.  There¬ 
fore,  for  the  same  gain  in  the 
forward  loop  the  crystal  cannot  be 
pulled  as  much.  The  increased  gain 
required  is  illustrated  in  Fig.  3. 

Amplifier  Requirements 

The  amplifier  must  provide  suf¬ 
ficient  gain  to  insure  a  loop  trans¬ 
mission  of  one,  under  maximum 
frequency  pull  off  and  yield  a  net 
phase  shift  around  the  loop  of  360 
deg  with  the  crystal  inserted  in  the 
circuit.  Since  the  desired  circuit 
frequency  is  a  variable,  each  ampli¬ 
fier  must  be  trimmed  individually. 
The  current  flowing  into  the  base  of 
stage  1  is  proportional  to  the  output 


voltage  divided  by  the  crystal  im¬ 
pedance.  With  the  output  voltage 
constant  the  base  current  swing  at 
resonance  is  approximately  40  to 
60  times  the  base  current  swing  for 
a  5-cps  pull  off  resonance. 

Though  all  the  amplifier  stages 
tend  to  saturate,  excessive  satura¬ 
tion  of  the  first  stage  is  undesirable. 
The  design  must  allow  for  this 
swing  or  the  input  current  to  the 
first  stage  must  be  attenuated  by 
insertion  of  a  trim  resistor  in  series 
with  the  crystal.  Value  of  the  trim 
resistor  is  determined  by  the  re¬ 
quired  deviation.  At  resonance 
where  the  loop  gain  is  maximum 
the  desired  attenuation  would  be 
large ;  zero  attenuation  is  necessary 
when  the  circuit  is  more  than  5  cps 
off  resonance. 

The  circuit  of  Fig.  lA  was  devel¬ 
oped  to  yield  a  maximum  pull  off 
resonance  of  approximately  5  cps. 

Impedance  the  external  load  must 
be  about  0.3  megohm  or  more  at 
point  A  in  Fig.  lA.  If  the  load  is 
taken  from  point  B,  the  combination 
of  load  and  attenuating  resistor 
should  be  equal  to  5,000  ohms. 

Greater  Deviation 

To  obtain  a  larger  frequency  de¬ 
viations  off  resonance  or  larger 
power  output,  a  higher  circuit  gain 
is  necessary.  The  circuit  of  Fig.  3 
uses  a  transformer  to  obtain  a 
phase  reversal  and  to  reflect  the 
desired  a-c  load  line  to  limit  the 
output  swing  of  the  transistor. 
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Radar  System  Planning 

Pulsed  radar  system  performance  is  predicted  on  the  basis  of  selected 
parameters.  Given  a  hypothetical  combination  of  operating  conditions,  mini¬ 
mum  detectable  signal,  peak  radiated  power,  maximum  free-space  range  and 
size  of  antenna  aperture  are  easily  forecast 

By  CHESTER  W.  YOUNG 

Senior  Research  En^neer,  Advanced  Techniques  Group,  Convalr  Division  of  General  Pynamlcs  Corp.,  Pomona,  Calif. 


System  engineering  plan¬ 
ning  often  involves  com¬ 
promises  dictated  by  the  bound¬ 
ary  conditions  of  the  state  of  the 
art.  The  nomograph  provides  a 
method  of  observing  quickly 
the  outcome  of  trial  and-error 
choices  in  making  such  com¬ 
promises  in  design  of  radar  sys¬ 
tems.  It  is  not  a  substitute  for 


the  design  of  individual  elements 
of  the  radar  but  is  rather  a 
method  of  estimating  the  magni¬ 
tude  of  the  system  parameters; 

Approximations  Made 

Several  assumptions  have  been 
made  to  simplify  the  nomograph. 
Signal-to-noise  ratio  was  set  at 
unity.  The  j8t  product  was  as¬ 


sumed  to  be  one  rather  than  the 
optimum  of  1.2.  An  illumination 
factor  of  0.65  was  assumed.  The 
system  losses  were  forced  to  bear 
the  weight  of  all  other  factors. 

To  determine  Suts,  assuming  a 
visibility  factor  of  1,  draw  a 
line  from  the  value  of  /«  on  scale 
1  (example  1,707  pps)  to  the 
value  of  0  on  scale  2  (example  4 
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deg)  and  extend  it  to  turning 
scale  3.  From  this  point  draw  a 
line  through  a  on  scale  4  (ex¬ 
ample  36  deg/sec  or  6  rpm)  to 
scale  5  (example  190  pulses). 
Draw  a  line  from  this  point 
through  /8  on  scale  7  (example 
1.7  me)  to  turning  scale  9. 

Align  this  point  with  F  on 
scale  12  (example  15  db)  and 
extend  to  turning  scale  14.  Draw 
a  line  from  this  point  through 
Lg  on  scale  16  (example  15.5  db) 
to  scale  18  (6.5  x  10  “  w). 

Peak  Radiated  Power 

The  method  of  calculating  Pt 
is  determined  by  the  informa¬ 
tion  available.  If  /«,  t  and  Pav 
are  known  draw  a  line  from  /«  on 
scale  6  (example  1,707  pps) 
through  T  on  scale  7  (example 
0.8  fisec)  to  d  on  scale  8  (example 
0.00137). 

From  this  point  align  Pav  on 
scale  11  (example  410  w)  with 


Pp  on  scale  13  (example  300  kw). 
If  c  is  known  rather  than  Pav. 
draw  a  line  from  t  on  scale  7 
(0.8  (isec)  through  c  on  scale  10 
(0.24  j)  to  Pp  on  scale  iS. 

Draw  a  line  from  this  point 
through  Lt  on  scale  15  (15  db) 
to  Pt  on  scale  17  (9.5  kw).  Con¬ 
versely  if  Pp,  T  and  d  are  known, 
then  €  and  Pav  can  be  determined. 

Maximum  Free-Space  Range 

To  solve  for  Pmax  draw  a  line 
joining  Pt  on  scale  17  (9.5  kw) 
and  Suts  on  scale  18  (6.5  x 
10‘“  w)  and  extend  to  turning 
scale  19. 

Align  this  point  with  either 
#  or  G  on  scale  20  (example  4 
deg  or  1,700)  and  extend  the  line 
to  scale  21.  Draw  a  line  joining 
this  point  to  the  value  for  either 
fc  or  X  on  scale  22  (example  2,900 
me  or  10.3  cm)  and  extend  it  to 
RI  on  scale  23  (example  6.5). 

Draw  a  line  from  this  point 


through  o-  on  scale  25  (example 
500  sq  ft)  to  Pmax  on  scale  26 
(example  30  naut.  miles  or  35 
stat.  miles).  If  it  is  desired  to 
apply  the  visibility  factor,  the 
result  will  be  modified  by  passing 
a  line  from  the  point  on  scale  26 
through  V  on  scale  27  (example 
1,707  pps)  to  Pmax  on  scale  28 
(29.5  naut.  or  34  stat.  miles). 

Any  pulse  repetition  frequency 
selected  must  have  /«  ^  80,000/ 
R„.  This  will  prevent  second- 
time-around  echoes.  Thus  the 
values  of  Pmax  on  scales  26  and 
28  must  always  be  less  than  the 
unambiguous  range  Rv  equiva¬ 
lent  to  the  repetition  rate  /* 
chosen  on  scale  6. 

To  find  the  physical  size  of 
the  aperture  of  the  antenna,  join 
the  value  of  0  or  G  on  scale  20 
(example  4  deg  or  1,700)  with 
fc  or  X  on  scale  22  (example  2,900 
me  or  10.3  cm)  and  extend  to 
D  on  scale  24  (example  6  ft). 
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Designing  Stability  into 
Transistor  Circuits 


Chart  and  nomographs  simplify  calculation  of  transistor  circuit  and  cooling- 
facility  parameters  necessary  for  stable  operation  at  elevated  junction  tem¬ 
peratures.  Design  information  is  applicable  to  both  germanium  and  silicon 
transistor  circuits 

By  STANLEY  SCHENKERMAN 

Senior  Engineer,  Missile  Development  Division,  Ford  Instrument  Company,  Long  Island  City,  N.  Y. 


TO  ACHIEVE  THERMAL  STABIL¬ 
ITY  of  transistorized  equip¬ 
ment  at  elevated  junction  tem¬ 
peratures,  the  designer  must 
provide  a  circuit  compatible  with 
its  cooling  facility.  The  accom^ 
panying  graph  and  nomographs 
permit  the  rapid  determination 
of  suitable  circuit  and  cooling 
facility  parameters. 

Theory 

The  thermal  stability  nomo¬ 
graph,  Fig.  1,  is  based  upon  the 
criteria  for  thermal  stability' 

SVJJ  <  13  (lA) 
for  germanium  and 

SVJ.e  <  23  (IB) 

for  silcon. 

The  stability  factor*  S  is  the 
change  in  quiescent  collector  cur¬ 
rent  caused  by  a  change  in  the 
temperature  sensitive  component, 
is  collector  voltage,  I.  is  the 
temperature  sensitive  component 
of  collector  current  and  cooling- 
facility  characteristic  0  is  the 
thermal  resistance  from  collector 
junction  to  ambient  in  deg  C  ner 
watt.  The  designer’s  objective 
is  to  obtain  compatible  values  of 
S  and  0. 

Temperature  sensitive  current 
I.  increases  exponentially  with 
temperature,  doubling  every  9  C 
for  germanium  and  every  16  C 
for  silicon.  The  value  of  I,  at 
any  temperature  T  may  be  found 


from  Fig.  2  if  the  value  of 
7.0  at  any  temperature  T.  is 
known;  the  latter  values  can  be 
obtained  from  the  manufac¬ 
turer’s  data  sheet. 

Thermal  resistance  0  consists 
of  the  resistance  from  collector 
junction  to  mounting  base,  0„„, 
(specified  by  the  manufacturer) 
and  the  resistance  from  mount¬ 
ing  base  to  ambient,  0„«.  The 


latter  may  be  determined  experi¬ 
mentally  from 

0„,  =  \T/Pt  (2) 

where  aT  is  the  mounting  base 
temperature  rise  above  ambient 
in  degrees  centigrade  and  Pa  is 
the  transistor  dissipation  in 
watts.  Then 

0  =  0„,  +  0j,„  (3) 

The  thermal  resistance  nomo- 
(continued  on  page  124) 
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FIG.  1 — Range  oi  thermal  stability  nomograph  is  extended  by 
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Now . . .  measure  200  to  10,000  amperes  with 
isolated  meters— CONTROL’S  Standard  Transductors 


CONTROL  transductors  have  made  obsolete  the  use  of 
shunts  for  metering  or  recording  heavy  d-c  loads.  Now, 
for  the  first  time,  a  standard  line  of  transductors— 
nine  units  ranging  from  the  200-amp  to  the  10,000-amp 
size— make  it  possible  for  the  systems  engineer  to  measure 
higli  bus  currents  without  direct  electrical  connections 
into  the  circuit. 

CONTROL  transductors  are  saturable  reactors,  through 
wliich  the  bus  or  cable  passes.  Output  is  linearly  propor¬ 
tional  to  the  bus  current,  with  an  accuracy  to  ±  1%  of 
full  scale  reading.  Supply  voltage  variations  of  ±  10% 
will  not  affect  this  accuracy. 


In  addition  to  eliminating  the  need  for  breaking  into  the 
circuit  for  connections,  the  CONTROL  transductor  has 
another  major  advantage  over  the  shunt-millivoltmeter. 
The  transductor  will  deliver  relatively  large  amounts  of 
power  to  permit  such  things  as  overload  relaying  and  to 
permit  a  feedback  signal  for  a  magnetic  amplifier. 

No  longer  need  you  be  dependent  upon  “what’s  avail¬ 
able”  or  a  special  design.  Catalog  T-10  gives  you  a  stand¬ 
ard  range  of  transductor  sizes  to  meet  your  every  need. 
For  full  details  ...  CONTROL,  Depl.  E-43,  Butler,  Pa. 


begins  witb.  C  0rsrTR.03L. 
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Designing  Stability  into  Transistor  Circuits  (continued  from  page  122) 


graph,  Fig.  3,  facilitates  the  so¬ 
lution  of  Eq.  2  and  3. 

From  measurements,  it  is  de¬ 
termined  that  at  4  w  dissipation, 
the  mounting  base  temperature 
of  a  transistor,  when  installed 
in  the  cooling  facility,  is  8  C. 
The  resistance  from  junction  to 
mounting  base  is  specified  as  3  C 
per  watt. 

Thermal  Resistance 

Using  Fig.  3,  connect  the  point 
aT  =  8  C  with  the  point  = 

4  w  with  a  straight  line  that  in¬ 
tersects  ffm,  =  2  C  per  watt. 
Next,  connect  =  2  C  per  watt 
and  ffjm  =  S  C  per  watt  with  a 
straight  line.  This  line  intersects 
ff  =  5  C  per  watt  which  is  the 
total  thermal  resistance  of  the 
cooling  facility. 

The  value  of  may  now  be 
found  from  the  thermal  stability 
nomograph  of  Fig.  1.  The  circuit 

5  must  be  less  than  for  sta¬ 
bility.  Conversely,  for  a  given  S 

.  the  maximum  permissible  0  may 
be  determined. 

The  transistor  of  the  previous 
example  is  a  germanium  unit 
•with  /,.  =  0.2  ma  at  T,  =  25  C. 
It  is  desired  to  operate  this  unit 
with  Fc  =  30  V  at  85  C  in  the 
cooling  facility  for  which  0  = 
5  C  per  watt.  Since  T  —  T.  is 
60  C,  I./I.c  is  100  as  determined 
from  Fig.  2.  Then  7.  is  20  ma  at 
85  C. 

On  the  stability  nomograph. 
Fig.  1,  connect  F.  =  30  and  I.  = 
20  with  a  straight  line  that  in¬ 
tersects  the  P  scale  at  0.6.  Now 
connect  this  point  by  a  straight 
line  with  0  =  5.  This  line  inter¬ 
sects  S„,„  for  germanium  at  4.3. 
This  is  the  maximum  value  of  S 
for  which  the  circuit  is  thermally 
stable. 

References 

( 1 )  Specification  for  H-5,  H-6,  and 
H-7  i’ower  Transistors,  Transistor  IJiv., 
Minneapolis  Honeywell  Regulator  Co., 
p  9,  May  1956. 

i  2 )  K.  F.  Shea,  “Principles  of  Tran¬ 
sistor  Circuits”,  John  Wiley  Sons,  Inc., 
p  97,  1953. 


T-To  IN  CENTIGRADE 

FIG.  2 — Curves  give  normolized  temperature-sensitive  leakage  current 
as  function  oi  temperature  change 
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FIG.  3 — Range  of  thermal  resistance  nomograph  is  extended  by  powers  oi  10 
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Ep  need  to  suffer  from  engineering  claustrophobic 
,^ou  design  with  [?Q£!330  in  mind 


Cannon  Miniature  and  Sub-Miniature  Plugs  are  rugged, 
easy  mating,  unusually  versatile,  neat  and  compact. 

When  you  design  with  Cannon  Miniatures  in  mind 
youll  get  complete  electrical  circuit  depend- 
ability  in  a  very  small  space.  Up  to  50  contacts 
r  \  in  *4  or  Vs  the  area  taken  by  standard  multi- 
■  ■  \  contact  connectors! 


Coaxials. 
Screw-type 
coupling 
Low  VSWR. 
for  50-,  70-, 
93-Ohm  cable 


Rectangular  and  circular  types.  Hermetically 
i  sealed,  vibration  and  moisture  resistant,  and 
\  ■  general  purpose  designs.  Contacts  for  5,  10, 
15,  25  amps . . .  and  miniature  coaxial  connec¬ 
tors.  Practically  all  five  ampere  contacts  are 
gold  plated.  High  dielectric  insulation  in 
phenolics,  resilient  materials,  glass  seals, 
Zytel,  Diallyl  Phthalate  and  Melamine.  Alu¬ 
minum  alloy  or  steel  shells,  depending  upon 
application. 


Miniature  lines  include:  DPA,  DPX,  DPM,  DPG, 
K,  MM,  MR  and  Diamond  MB  and  SM  Coaxial 
connectors.  Sub-miniatures:  D,  MC,  and  Diamond 
Die  Coaxial  connectors. 


Writ*  TODAY  for  new  32-page  2-color  Miniatures 
Bulletin  HMC-2.  Alto,  write  for  Bulletin  SM-t, 
"Soldering  Small  Contacts."  i 


For  an  interesting  discussion  of  the  broad  subject  of  “Reliability, 
write  for  Cannon  Bulletin  R-1. 


WHERE  RELIABIUTY 
IS  THE  5™  DIMENSION 


D  Sub-Miniatures 
9  to  so  contacts 
Same  space  . . . 
same  weight! 


CANNON  ELECTRIC  CO.,  3208  Humboldt  Street,  Los  Angeles  31, 
California.  Factories  In  Los  Angeles;  Salem,  Massachusetts; 
Toronto,  Canada;  Melbourne,  Australia;  London,  England.  Manu¬ 
facturing  licensees  In  Paris  and  Tokyo.  Representatives  and  dit- 
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Built-In  Ion  Trap  Protects  Cathode 

By  William  Ross  Aiken 

Director  of  Research,  West  Coast  Electronics  Laboratory,  Kaiser  Aircraft  &  Electronics  Corp.,  Palo  Alto,  Calif. 

Robert  E.  Heller* 

Manager,  Product  Development,  Instrumentation  Division,  Ampex  Corp.,  Redwood  City,  Calif. 


FIG.  1 — Collector  and  flag  of  new  pen¬ 
tode  protect  oxide-coated  cathode  irom 
positive  ion  bombardment 


Longer  life  for  oxide-coated  cath¬ 
odes  is  made  possible  by  a  built-in 
ion  trap.  Limited  quantities  of  a 
high-voltage  pentode  have  been  con¬ 
structed  with  the  ion  trap  and  have 
life  times  in  excess  of  2,000  hours. 

The  special  pentode  was  devel¬ 
oped  for  a  special  high-voltage 
switching  operation  for  use  with 
the  Kaiser-developed  thin  cathode- 
ray  tube.  Other  applications  may 
be  in  high-voltage  triggering, 
clamping,  mixing  and  shunt  regula¬ 
tion. 

Ions,  created  by  collisions  be¬ 
tween  electrons  and  residual  gas 
molecules,  are  destructive  to  oxide- 
coated  cathodes.  The  problem  be¬ 
comes  more  acute  with  higher  volt¬ 
ages.  In  addition,  mica  supports 
and  other  insulators  may  develop 
leakage  paths  as  a  result  of  posi¬ 
tive  ion  bombardment. 

To  minimize  the  problem,  special 
precautions  must  be  taken  in  the 
fabrication  of  high-voltage  tubes 
with  oxide-coated  cathodes.  For  in¬ 
stance,  the  bake-out,  pumping  and 
gettering  procedures  must  be  made 
more  thorough. 

Alternately,  destruction  of  the 
cathode  at  high  voltages  might  be 


largely  avoided  by  replacing  the 
oxide-coated  cathode  with  a  tung¬ 
sten  or  thoriated-tungsten  emitter. 
However,  such  cathode  materials 
imply  the  use  of  much  higher  fila¬ 
ment  temperatures  and  of  more 
complex  fabrication  procedures. 

In  the  new  pentode  an  ion-trap  is 
provided  by  which  positive  ions  are 
prevented  from  reaching  the  cath¬ 
ode.  An  indirectly  heated,  oxide- 
coated  cathode  is  surrounded  by 
control  and  screen  grids  in  the  con¬ 
ventional  manner  as  shown  in  Fig. 
1.  A  cylindrical  collector,  open  at 
one  end,  surrounds  the  screen  grid 
and  is  connected  to  it.  Thus,  in  the 
absence  of  plate  voltage,  an  essen¬ 
tially  field-free  region  is  created  in 
the  interspace. 

The  plate  is  located  opposite  the 
open  end  of  the  collector  electrode. 
The  electric  field  of  the  plate  pene¬ 
trates  the  space  between  screen  grid 
and  collector,  causing  the  electrons 
drifting  there  to  be  deflected  to  the 
anode.  Their  number  is  determined 
by  control-grid  potential  as  usual. 

Positive  ions  created  in  the  anode 
region  are  deflected  downward  to¬ 
ward  the  bottom  of  the  collector, 
rather  than  to  the  screen  grid  or  to 
the  electrodes  inside  the  screen. 
This  is  because  the  positive  ions 
travel  with  a  velocity  whose  down- 


6.3  volts  across  the  iilament 


ward  component  is  much  larger 
than  any  horizontal  component. 

The  only  region  in  which  positive 
ions  can  reach  the  cathode  itself  is 
at  the  end  of  the  cathode  directly 
opposite  the  plate.  A  small  flag  elec¬ 
trode,  internally  connected  to  the 
cathode,  serves  to  prevent  the  entry 
of  positive  ions  into  the  cathode 
region  from  this  direction.  The  flag 
also  performs  the  function  of  a 
corona  shield. 

Experimental  models  of  the  pen¬ 
tode  were  operated  at  15  kv  with  a 
screen  and  collector  voltage  of  100  v. 
Control-grid  voltage  is  —  4  v  and 
typical  plate  current  is  of  the  order 
of  0.6  ma.  Maximum  plate  dissipa¬ 
tion  is  20  w,  screen  dissipation  is 
0.7  w  and  collector  dissipation  5  w. 
Maximum  cathode  current  is  10  ma. 

Mutual  conductance  is  about  600 
micromhos  and  input  and  output  in¬ 
terelectrode  capacitances  are  7  and 
3  micromicrofarads,  respectively. 
Heater  voltage  and  current  are 
6.3  V  and  0.3  amp,  respectively. 

•  Formerly  Chief  Engineer,  West  Coast 
Electronics  Laboratory,  Kaiser  Aircraft  & 
Electronics  Corp. 


Oscillator  Measures 
Tube  Capacitance 

By  Harvey  L.  Morgan 

Electronic  Project  Engineer 
Phoenix  Research  Laboratory 
Motorola,  Inc.,  Phoenix,  Arizona 

Measurement  of  the  variation  in 
interelectrode  capacitance  in  sub¬ 
miniature  tubes  under  vibration 
has  been  achieved  for  a  critical  ap¬ 
plication.  The  technique  may  have 
value  in  tube  development,  as  well 
as  in  similar  applications. 

The  method  involves  using  the 
slight  variations  in  interelectrode 
capacitance  to  modulate  the  fre¬ 
quency  of  an  oscillator.  A  har¬ 
monic  of  the  oscillator  is  detected 
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■  REGULATION  (for  line  or  load)  0.03% 
or  0.003  Volts  (whichever  is  greater) 

■  RIPPLE  1  mv.  rms. 

■  RECOVERY  TIME  50  microseconds 

■  STABILITY  (for  8  hours)  0.03%  or  0.003 
Volts  (whichever  is  greater) 

■  Tubeless. 

■  0.005%  resolution  with  10  turn 
voltage  control. 

■  Continuously  variably  output  voltage 
without  switching. 

■  External  overload  and  short  circuit 
protection  included. 

■  Either  positive  or  negative 
can  be  grounded. 

■  Units  can  be  series  connected. 

■  Suitable  for  square  wave  pulsed  loading. 

■  Power  requirements:  105-125  volts, 
50-65  cycle.  400  cycle  units  available. 

■  Terminations  on  front  and  rear  of  unit. 

■  High  efficiency. 

■  Low  heat  dissipation.  d 

■  Compact,  light  weight.  sM 

■  Color:  grey  hammer  tone.  -K 

■  Suitable  for  bench  or  rack  use.  V 

■  Voltmeter  and  ammeter  provided. 


Output 

Amp$. 


2SC-32-1.5 

DUAL  OUTPU* 

SC-32-2.5 

SC-32-5 

SC-32-10 

SC-32-15 

2SC-100-0.2 

DUAL  OUTPUT 

SC150-1 

SC-300-1 


KEPCO  OFFERS  MORE  THAN  120  STANDARD  VOLTAGE  REGULATED  POWER 
SUPPLIES  COVERING  A  WIDE  RANGE  OF  MAGNETIC,  TRANSISTOR  AND  TUBE 
TYPES.  MOST  MODELS  AVAILABLE  FROM  STOCK.  SEND  FOR  BROCHURE  B-581 


SC-32-0.5 

SC-32-1 

SC-32-1.5 

SC-32-2.5 


Visit  Our  Booths  Nos.  2636-2638  I.R.E.  Show,  Mar.  24-27,  N.  Y.  Coliseum 
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1  ^  * 

FIG.  1 — Areraq*  oi  the  maximum  capac¬ 
itance  Toriationa  between  plate*  and 
other  electrode* 


by  an  f-m  receiver  with  a  cali¬ 
brated  discriminator. 

In  the  particular  application, 
variations  in  capacitance  on  the 
order  of  10'*  micromicrofarads 
were  important.  Therefore,  it  was 
necessary  to  be  able  to  measure 
changes  as  small  as  10''  micro¬ 
microfarads. 

The  frequency  of  the  transistor 
oscillator  is  about  33  me  without 
external  loading.  With  the  tube 
elements  connected,  the  center  fre¬ 
quency  dropped  to  as  low  as  25  me. 

A  Jinear  relationship  exists  be¬ 
tween  frequency  variation  and  ca¬ 
pacitance  variation.  Going  to  the 
higher  harmonic  frequency  in¬ 
creases  the  frequency  change  by 
the  order  of  the  harmonic. 

In  order  that  the  entire  assembly 
can  be  vibrated,  the  transistor 
oscillator  is  embedded  in  plastic. 
It  was  tested  at  10  g’s  from  20  to 
2,000  cps,  and  no  f-m  was  detected 
with  a  system  noise  level  equiva¬ 
lent  to  10''  micromicrofarads. 

The  tube  is  held  in  a  hollowed- 
out  aluminum  block  with  the  oscil¬ 
lator  so  that  the  entire  assembly 
does  not  move  with  respect  to  the 
vibration  test  jig. 

An  important  requirement  for 
this  type  test  is  that  the  tube  be¬ 
ing  tested,  since  it  is  part  of  the 
oscillator  circuit,  must  be  shielded 
from  external  conductors  that 
might  be  stationary  with  respect 
to  the  moving  tube.  This  require¬ 
ment  was  ignored  when  tests  were 
attempted  on  a  planar  gird  tube. 


FIG.  2 — Arerage  oi  the  maximum  capac¬ 
itance  variation*  between  grid*  and  other 
electrode* 


The  resulting  f-m  was  much 
greater  than  that  normally  result¬ 
ing  from  interelectrode  capacitance 
variation. 

Measurement  was  made  of  the 
capacitance  variation  between  each 
electrode  and  all  of  the  other  elec¬ 
trodes  tied  together  except  that  the 
cathode  and  heater  were  tied  to¬ 
gether  for  cathode  measurements. 
The  latter  technique  was  necessary 
because  heater-cathode  capacitance 
variation  was  much  larger  than  any 
other  interelectrode  capacitance 
variation. 

At  the  start  of  the  tests,  no 
heater  voltage  was  used.  Then 
heater-on  versus  heater-off  tests 
were  made.  Only  the  vibration 
tests  with  the  heaters  on  were 
used.  There  was  a  significant  dif¬ 
ference  between  the  two  conditions. 
Usually  less  interelectrode  capaci¬ 
tance  variation  was  observed  with 
the  heater  on.  It  appeared  that  the 
cathode  sleeve  expanded  sufficiently 
in  the  mica  holes  on  heating  to  re¬ 
duce  cathode  vibration. 

No  appreciable  effect  of  heating 
on  other  electrodes  was  definitely 
established.  By  contrast,  heater- 
cathode  capacitance  variation  in¬ 
creased  by  as  much  as  a  factor  of 
10  when  heater  voltage  was  ap¬ 
plied.  Mechanical  vibration  result¬ 
ing  when  a-c  heater  voltage  is  used 
causes  a  twice-frequency  variation 
of  heater-cathode  capacitance  of 
comparatively  large  proportions.  A 
d-c  heater  supply  was  made  stand¬ 
ard,  and  a  grid  bias  sufficient  for 


cut-off  was  applied  to  prevent  diode 
action. 

Not  enough  of  any  one  tube  type 
was  tested  to  give  statistically 
satisfactory  results  (15  was  the 
largest  number  of  one  type  tested). 
However,  each  particular  interelec¬ 
trode  capacitance  variation  meas¬ 
urement  for  each  tube  type  showed 
distribution  of  peak  values  suffi¬ 
cient  for  a  normal  distribution  esti¬ 
mate.  There  were  expected  varia¬ 
tions  between  various  electrode 
combinations  and  tube  types. 

The  tube  types  tested  were  5702, 
5703,  6021,  6943,  6946,  6947,  6442 
and  6BY4.  Some  tests  were  made 
on  tubes  with  folded  heaters  rather 
than  the  more  conventional  coiled 
heaters.  Only  four  of  the  folded- 
heater  type  were  tested.  They  were 
found  consistently  bad  with  respect 
to  heater-cathode  capacitance  vari¬ 
ation,  but  quite  good  with  re¬ 
spect  to  cathode-grid  capacitance 
variation.  Of  the  coiled-heater 
tubes  the  6BY4  compared  favorably 
to  a  transistor  oscillator ;  the 
others  were  considerable  poorer. 

The  6943  guided  missile  tube  (a 
pentode)  had  more  capacitance 
variation  between  plate,  screen, 
grid  and  cathode  than  other  tubes 
tested.  The  variation  showed  up  in 
the  form  of  large  resonant  peaks 


Flexible  Light  Source 


Opaque  fabric  woTen  from  *tainle**  *teel 
wire  become*  flexible  light  *ource  when 
coated  with  phosphor*  and  transparent  con- 
ductire  material.  Westinghouse  light  source 
is  powered  by  2S0  Tolt*  at  4.000  cp*.  Other 
flexible  light  source*  have  been  made  with 
a  nylon  base. 
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EW 


Bobbinless 

# 

Resistors 


•  Exceptional  Stability — Permanent  change  in  resistance  •  Less  than  0.2%  resistance  change  with  humidity  (MIL- 
less  than  0.2%  under  most  environmental  conditions.  R-93  moisture  resistance  test). 


•  Guaranteed  Close  Tolerance — Resistors  guaranteed  to 
be  in  tolerance  under  normal  conditions  of  measurement. 
Tolerances  down  to  ±  0.05%  available  in  standard  sizes 
depending  upon  resistance  value.  Closer  tolerances  or 
matched  multiples  available  on  request. 

•  Low  Inductance  and  Low  Capacitance  Characteristics 
with  reproducible  uniform  frequency  response. 


F3B 


•  Less  than  0.2%  resistance  change  with  temperature 
cycling  (MIL-R-93). 

•  Withstands  extreme  vibration  and  shock  due  to  unique 
construction  and  encapsulation  method. 

•  Extremely  Stable — Less  than  0.3%  resistance  change 
with  load  life  or  100%  overload  (MIL-R-93). 

•  Low  Temperature  Coefficient  Wire  available. 


RECTANGULAR 


F3D 


FA 


Wattage 

Dimensions 

(Inches) 

Resistance 

(Ohms) 

^ssiii 

0.25 

3/4'  X  3/16"  X  1/4" 

1.0-10,000 

F3B 

0.25 

3/4'  X  3/16"  X  3/r 

1.0-100,000 

F3C 

0.25 

3/4'  X  3/16"  X  1/2" 

0.5-100,000 

F30 

0.25 

1"  X  3/16"  X  1/4" 

0.5-100,000 

H3B 

0.5 

1"  X  3/16"  X  3/8" 

0.1-100,000 

H3C 

0.5 

1"  X  3/16"  X  1/2" 

0.1-200,000 

H3D 

0.75 

1'  X  3/16"  X  3/4" 

0.1-300,000 

H3F  . 

1.0 

1"  X  3/16"  X  1" 

0.1-400,000 

H3H 

1.5 

1-1/2"  X  3/16"  X  1' 

0.1-600,000 

L3H 

2.0 

2"  X  3/16"  X  1" 

0.1-1,000,000 

P3H 

Special 

2-1/r  X  1/4"  X  2" 

0.1-2,500,000 

T4P 

TUBULAR  1 

0.1 

3/4"x1/r 

10-5,000 

FA 

0.5 

1"  X  1/4" 

0.5-25,000 

HB 

0.5 

1"  X  3/r 

0.1-250,000 

HC 

1.0 

1-1/4"  X  1/2" 

0.1-1,000,000 

JD 

Special  dimensions,  tolerances,  wattage  ratings,  etc.  can  be  made  to  your  exact  specification. 
Either  axial  or  radial  leads  available  on  all  rectangular  types. 


Founded 


Write  for  further  details  today. 


CANADIAN  SUBSIDIANY 

C.C.  Mtredith  4  Co..  Ltd. 
StrMltvillo.  Ontario 
Phont:  Taytor 


EAST  COAST  OFFICE 
$  Haddon  Avenuo 
Haddonfield,  New  Jersey 
Phone:  Haddonfield  9-5512 
TWX  No.  Haddonfield  529 
Phila.  Phone:  Market  7*3129 


SOUTHWESTERN  U.  S.  A. 
(Texas. Oklahoma) 

John  A.  Green  Company 
137  Parkhouse  Street 
Dallas  7.  Texas 
Phone:  Riverside  3266 


SOUTH  AMERICA 
Jose  Luis  Pontet 
Buenos  Aires,  Argentiita 
Montevideo,  Uruguay 
Rio  de  Janeiro,  Brazil 
Sao  Paulo.  Brazil 


CHICAGO  TELEPHONE  SUPPLY 

*^<3  H 


P&B  progress/ 

UNIQUE  DESIGN  IMPROVES  WEIGHT,  SIZE,  PERFORMANCE  FACTORS 


NEW! 

Miniature  telephone  type  relay  has 
superior  shock/vibration  resistance 


NEW 

POTTER  &  BRUMFIELD 
MG  SERIES  RELAY 


Unusual  for  a  telephone  type  relay,  the 
MG  Series  has  excellent  stability  under 
high  shock  and  vibration  conditions.  Tests 
show  this  miniature,  light  weight  (only 
1.2  oz.,  open)  relay  withstands  vibration 
of  1  Og  55  to  500  cycles  per  second  and  will 
operate  under  shock  to  30g  according 
to  Mil-R-5757C. 

The  superior  performance  of  the  MG  is 
due  in  part  to  its  unique  single  stack  con¬ 


struction  and  to  an  exclusive  hinge  des 
which  provides  zero  heel  gap. 

Open,  dust  covered  or  hermetica 
sealed,  the  MG  is  available  with  cont 
arrangements  up  to  4  Form  C  (4PDT) 
is  rated  for  ambient  temperatures 
-55‘'C  to  -f85°C.  A  high-temperat 
version  with  a  range  of  -65°C  to-f  12S 
will  soon  be  available.  Write  or  wire  to 
for  complete  specifications  and  delive 


OTTER  &  BRUMFIELD,  INC,  PRINCETON,  INDIANA-SUBSIDIARY  OF  AMERICAN  MACHINE  &  FOUNDRY  COMPAj 


in  the  1,200  to  1,400-cps  region. 
It  appeared  that  a  cantilever  shield 
in  the  base  of  the  tube  had  a  reso¬ 
nance  in  this  region,  and  its  ca¬ 
pacitive  coupling  to  all  other  ele¬ 
ments  in  the  tube  caused  large 
variations  for  all  elements.  This 
effect  did  not  show  on  normal 
vibration  test  data  for  this  type 
tube. 


Missile  Antenna  Design 


By  HOWARD  ESTEP 

Senior  Research  Engineer  Convair 
Division  of  Generai  Dynamics  Corporation 
San  Diego,  Caiifornla 

Guidance  and  telemetry  systems 
require  that  missile  antenna 
patterns  be  as  nearly  omnidirec¬ 
tional  as  possible  so  that  contact  be 
maintained  with  the  ground  sta¬ 
tions  no  matter  what  attitude  the 
missile  assumes.  Omnidirectivity 
is  dependent  upon  the  diameter  in 
wavelengths  of  the  missile. 


POIYSTYRENE 
DUST  COVER 


HERMETICAUY  SEALED 


TERMINALS: 

Open  Relay:  Pierced  Solder  Lugs. 

Contacts:  Two  #18  AWG  wires.  Coil:  Two  #20  AWG  wires. 

Hermetically  Sealed: 

Miniature  plug-in  header  with  7,  9  or  14  pins.  Multiple  Solder 
header  with  hook  end  terminals  for  three  §20  AWG  wires. 
Polystyrene  Dust  Cover:  Micro  Ribbon  plug-in  type. 
Mating  receptacle:  Amphenol  #57-20140  or  similar. 
INSULATION  RESISTANCE:  1 00  megohms  min. 

VIBRATION:  .065"  excursion  10-55  cps. 

1 0g  55-500  cps.  upon  request. 

SHOCK:  30g  according  to  Mil-R-5757C  upon  request. 
TEMPERATURE  RANGE:  -55°C  to  +85°C. 

WEIGHT:  1.2  ozs.  (open)  2.0  ozs.  (sealed). 

PULL-IN  SPEED:  Approximately  1 5  ms  at  nominal  voltage. 
DROP-OUT  SPEED:  Approximately  1 0  ms  at  nominal  voltage. 
CONTACTS:  3/32  silver. 

CONTACT  ARRANGEMENT:  4  pale,  double  throw  (4  Form  C). 
COIL  POWER:  3  watts  max.  DC  @  25'’C.  Continuous  duty. 

PCS  STANDARD  RELAYS  ARE  AVAILABLE  AT  YOUR  LOCAL 
ELECTRONIC,  ELECTRICAL  AND  REFRIGERATION  DISTRIBUTORS 
See  our  catalog  in  Sweet's  Product  Design  File. 


FIG.  1 — Layout  of  omnidirectional  misBile 
antenna 


Consider  an  antenna  system  com¬ 
prised  of  4  slots  oriented  with  the 
slot  perpendicular  to  the  missile 
axis.  In  the  plane  perpendicular  to 
this  axis  the  radiation  pattern  of 
a  slot  may  be  represented  as  sin  0 
or  cos  8  (for  r  sufficiently  large)  as 
in  Fig.  1. 

If  the  slots  are  fed  in  phase  with 
equal  amplitudes,  total  radiation 
pattern  becomes 


SUBSIDIARY  OF  AMERICAN  MACHINE  A  FOUNDRY  COMPANY 
Manufacturing  Divisions  also  in  Franklin,  Ky.  and  Laconia,  N.  H. 

Mail  the  coupon  below  for  further  engineering  data  on  P&B's  MG  Relay  p/us  new 
compact  catalog  of  standard  type  relays.  If  you  need  answers  to  a  specific  applica¬ 
tion  problem,  write  in  detail. 


Poller  a  Brumfield,  Inc.,  Princelon,  Indiana 
Attn:  T.  B.  While,  Brig.  Gen.  USMC  (Rel.) 

Special  ProfecH  Engineer 

Please  send  me  complele  engineering  data  on  the  MG  Relay 
plus  the  new  compact  catalog  of  P&B  standard  relays. 


Nome. 


Company. 


Address. 


The  mean  value  E  of  E  (8)  is 
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Tape  Wound  Cores 


Bobbin  Cores 


u 

N 

I 

F 


Not  only  G>L  but  our  customers,  too,  claim  consistent 
uniformity  with  every  G-L  Tope  Wound  Core  and 
Bobbin  Core.  This  consistent  uniformity  is  the  result 
of:  on  accuracy  of  control  never  before  achieved 
in  each  and  every  step  of  the  manufacturing 
process;  the  use  of  the  highest  quality  row  materials 
and  new  and  exclusive  manufacturing  technologies. 

Prove  our  claims  and  the  claims  of  our  customers. 
Write,  wire,  call  or  teletype  us  about  your  re* 
quirements  and  for  our  technical  bulletins. 


2921  ADMIRAL  WILSON  BOULEVARD 
CAMDEN  5,  NEW  JERSEY 
WOodlawn  6-2780  TWX  761  Camden,  N.J. 
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FIG.  2 — Beasel  iunction  tor  lirat  order 


into  their  Bessel  iden- 


Sin  (2n  -  l)d  (3A) 


E  =  J  E{e)  de,  (2) 

by  expanding  sm  ^  cos  sin 

*)  into  their  Bessel  iden¬ 
tities. 

Sin  Sin  ^  = 

00 

2  J,n-i  -  1)0  (3A) 

*1-1 

Sin  Cos  0^  = 

CO 

2  J]  (-  )  Cos  (2n  -  1)0 

-1  (3B) 

Inserting  this  into  Eq  2  and  making 
use  of  the  orthogonality  relation¬ 
ships, 

0  )  m  n 

Sin  n0  Sin  w0  rf0  =  > 

T  )  m  =  n 

gives  E  (normalized)  as 

as  shown  in  Fig.  2. 

Clearly  |  f:  |  is  maximum  when 

I  r  /  2)rr  \  I  •  2Tr 

Ji  I  --  j  IS  maximum,  or  = 


gives  E  (normalized)  as 


I 

T 

Y 


IS  maximum,  or 


5.5,  8..5,  10.6. 

Figure  3  is  a  pattern  resulting  when 


is  such  that  Ji 


Figure  4  is  the  pattern  obtained 


is  such  that  J, 


(¥) 


is  maximum.  One  should  not  as¬ 
sume  that  omnidirectivity  is  as¬ 
sured  for  all  maxima  of  J,  but 
rather  the  lobes  will  be  broader  un¬ 
der  this  condition  than  any  other 
and  hence,  fewer  elements  will  be 
required  to  achieve  omnidirectivity. 
Perhaps  the  most  important  feature 
is  that  this  criteria  points  out  the 
values  of  r/x  to  be  avoided. 

Referring  to  Fig.  1,  the  above 
treatment  can  be  generalized  by 
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IRC  Molded  Metal 
Film  Resistors 

...  in  5  sizes 


1)  IRC  Molded  Metal  Film  Resistors  ore  available  in  5  wattage 
ratings,  2)  The  metallic  resistive  films  they  feature  are  accu¬ 
rately  controlled  and  applied  to  special  high  quality  ceramic 
cores,  3)  They  surpass  characteristics  A  and  B  of  specifica¬ 
tion  MIL-R-10509B,  4)  show  a  low  noise  level  independent 
of  range,  and  5)  provide  a  negligible  voltage  coefficient. 

There  ore  other  good  reasons,  too — IRC  Molded  Metal  Film 
Resistors  set  new  performance  standards — they  can  take  full  load 
at  125°  C.  ambient  with  linear  derating  to  zero  at  175°  C.  (except 
2  watt  size  which  is  rated  full  load  at  100°  C.  ambient)  .  .  .  com* 
bine  stability  on  load  with  a  low,  controlled  temperature  coefficient 
never  before  obtainable  in  film  resistors  .  .  .  provide  low  conduc* 
tonce  and  shunt  capacity  .  .  .  show  excellent  high  frequency 
characteristics. 

Even  more:  IRC  Molded  Metal  Film  Resistors  are  small  in  size  and 
weight,  can  replace  precision  wire  wound  resistors  in  numerous 
applications . . .  available  in  3  standard  and  2  special  temperature 
coefficient  spans  for  maintaining  or  controlling  resistance  over 

INTERNATIONAL  RESISTANCE  CO 


broad  temperature  ranges.  Feature  for  feature,  IRC  Molded  Metal 
Film  Resistors  are  just  what  you  want — and  need — for  high  stability 
under  severe  load  and  humidity  conditions. 

Here's  one  more  tip;  Look  into  IRC  Molded  Metal  Film  Resistors  for 
high  frequency  applications,  too. 

Find  out  the  comp/ete  details  about  IRC  Molded  Metal  Film  Resis¬ 
tors — write  today  for  Bulletin  B*3b. 


Dept.  372,  401  N.  Brood  St.,  Philodolphia  8,  Pe. 

In  Canada:  Intornationai  Rosistanco  Co.,  Ltd.,  Toronto,  Licensee 
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and  5  Big  Reasons  why. 


Modern  high  speed  facilities,  unexcelled 
workmanship  and  consistent  research  with 
new  materials  and  new  toolings  keep  this 
shop  available  to  the  designer,  engineer 
and  purchasing  agent  working  with  ad¬ 
vanced  concepts. 


ROLAND  TEINER 


^nc. 


DEPT.  478)  TREMONT  STREET,  EVEREH  49,  MASS. 
Telephone  EVerett  7-7800 

ENGINEERING  REPRESENTATIVES  IN  PRINCIPAL  CITIES 
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FIG.  3 — Radiation  pattern  for  /i  (2nr/X)  O 


considering  /,  (0)  as  a  Fourier 
series 
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and  fi  =  fi  (0  —  11/2).  E  becomes 
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which  yields  E  to  be  an  infinite 
series  of  Bessel  functions.  For  most 
antennas  having  maximum  radia¬ 
tion  normal  to  the  antenna  aper¬ 
ture  the  predominate  term  of  the 
Fourier  representation  will  be  cos  0 
(or  sin  0,  depending  upon  coordi¬ 
nates),  and  succeeding  terms  of  the 
.series  of  Bessel  functions  can  be 
neglected  thus  arriving  at  the 
original  result. 


CONTACT  YOUR  NEAREST 
KIN  TEL  ENGINEERING  REPRESENTATIVE 

ALABAMA:  See  Ga.,  Bivins  &  Caldwell,  Inc. 

ARIZONA:  Neely  Enterprises,  Phoenix,  641  E.  Missouri, 
CRestwood  4-5431;  Tucson,  232  S.  Tucson  Blvd., 

MAin  3-2564 

ARKANSAS:  See  Texas,  E.  Lipscomb  Assoc. 

CALIFORNIA:  Neely  Enterprises,  N.  Hollywood, 

3939  Lankershim  Blvd.,  STanley  7-0721; 

Sacramento:  1317  Fifteenth  St.,  Gilbert  2-8901; 

San  Carlos,  501  Laurel  St.,  LYtell  1-2626; 

San  Diego  6,  1055  Shatter  St.,  ACademy  3-8106 
COLORADO;  Denver,  Lahana  &  Co.,  1886  S.  Broadway, 
PEarl  3-3791 

CONNECTICUT:  Bridgeport,  Yewell  Assoc.,  Inc., 

1101  E.  Main  St.,  FOrest  6-3456 
DELAWARE:  See  Md.,  Herman  Assoc.,  Inc. 

DIST.  OF  COLUMBIA:  Washington,  Herman  Assoc., 

2017  "S"  St.,  NW,  DEcatur  2-5705 
aORIDA:  Orlando,  Bivins  &  Caldwell,  Inc., 

1226  E.  Colonial  Dr.,  CHerry  1-1091 
GEORGIA:  Atlanta  5,  Bivins  &  Caldwell,  Inc., 

3133  Maple  Dr.,  NE,  CEdar  3-7522 
IDAHO:  See  Wash.,  ARVA 
ILLINOIS:  Chicago  45,  Crossley  Assoc., 

2711  W.  Howard  St.,  SHeldrake  3-8500 
INDIANA:  Indianapolis,  Crossley  Assoc.,  Inc., 

5420  N.  College  Ave.,  CLifford  1-9255 
IOWA:  Eastern:  See  III.,  Crossley  Assoc.,  Inc. 

Western:  See  Minn.,  Crossley  Assoc.,  Inc. 

KANSAS:  See  Mo.,  Harris-Hanson  Co. 

KENTUCKY:  See  N.  C.,  Bivins  &  Caldwell,  Inc. 
LOUISIANA:  See  Texas,  E.  Lipscomb  Assoc. 

MAINE:  See  Mass.,  Yewell  Assoc.,  Inc. 

MARYLAND:  Baltimore  10,  Herman  Assoc.,  Inc., 

635  St.  John’s  Rd.,  HOpkins  7-2290 
MASSACHUSETTS:  Burlington,  Yewell  Assoc.,  Inc. 

Middlesex  Turnpike,  Phone  7-2561 
MICHIGAN:  Detroit  35,  S.  Sterling  Co., 

15310  W.  McNichols  Rd.,  BRoadway  3-2900 
MINNESOTA:  St.  Paul,  Crossley  Assoc.,  Inc., 

842  Raymond  Ave.,  Midway  6-7881 
j  MISSISSIPPI:  See  Texas,  E.  Lipscomb  Assoc. 

<  MISSOURI:  Kansas  City  30,  Harris-Hanson  Co., 

I  7916  Paseo  Ave.,  Hlland  4-9494 
1  MONTANA:  Eastern:  See  Colo.,  Lahana  &  Co. 

Western:  See  Wash.,  ARVA 

NEBRASKA:  Eastern:  See  Minn.,  Crossley  Assoc.,  Inc. 

Western:  See  Colo.,  Lahana  &  Co. 

NEVADA:  See  Calif.,  Neely  Enterprises 
:  NEW  HAMPSHIRE:  See  Mass.,  Yewell  Assoc.,  Inc. 

I  NEW  JERSEY:  Asbury  Park,  I.  E.  Robinson  Co., 

905  Main  St.,  KEIIogg  1-3150 
Englewood,  RMC  Assoc.,  391  Grand  Ave., 

Diamond  3-5926 

NEW  MEXICO;  Albuquerque,  Neely  Enterprises, 

107  Washington  St.,  SE,  Phone  5-5586 
Las  Cruces,  126  S.  Water  St.,  JAckson  6-2486 
I  NEW  YORK:  New  York  21,  RMC  Assoc.,  236  E.  75th  St., 
TRafalgar  9-2023;  Syracuse  2,  J.  D.  Ryerson 
Assoc.,  Inc.,  412  Genesee  East,  GRanite  6-8344 
NORTH  CAROLINA:  High  Point,  Bivins  &  Caldwell,  Inc., 
P.  0.  Box  5187,  Phone  3672 
NORTH  DAKOTA:  See  Minn.,  Crossley  Assoc.,  Inc. 

OHIO:  Cleveland  21,  S.  Sterling  Co., 

4311  Mayfield  Rd.,  Evergreen  2-4114 
Dayton  19,  Crossley  Assoc.,  Inc.,  53  Park  Ave., 
AXminster  9-3594 

OKLAHOMA:  See  Texas,  E.  Lipscomb  Assoc. 

I  OREGON:  Portland  9,  ARVA,  1238  NW  Gilson  St., 
CApital  7-1281 

'  PENNSYLVANIA:  Camp  Hill,  I.  E.  Robinson  Co., 

I  2120  Market  St.,  REgent  7-6791 
I  Pittsburgh  36,  H.  E.  Ransford  Co., 

5400  Clairton  Blvd.,  TUxedo  4-3425 
Upper  Darby,  I.  E.  Robinson  Co., 

7404  West  Chester  Pike,  FLanders  2-7017 
RHODE  ISLAND:  See  Mass.,  Yewell  Assoc.,  Inc. 

SOUTH  CAROLINA:  See  Ga.,  Bivins  &  Caldwell,  Inc. 
SOUTH  DAKOTA:  See  Minn.,  Crossley  Assoc.,  Inc. 
TENNESSEE:  See  N.  C.,  Bivins  &  Caldwell,  Inc. 

TEXAS:  Dallas  9,  E.  Lipscomb  Assoc.,  P.  0.  Box  7084, 
FLeetwood  7-1881;  El  Paso,  720  N.  Stanton,  Phone 
2-7281;  Houston  5,  2422  Rice  Blvd.,  JAckson  4-9303 
UTAH:  See  Colo.,  Lahana  &  Co. 

VERMONT:  See  Mass.,  Yewell  Assoc.,. Inc. 

VIRGINIA:  See  N.  C.,  Bivins  &  Caldwell,  Inc. 
WASHINGTON:  Seattle  99,  ARVA,  120  W.  Thomas  St., 
Murdoch  7337 

WEST  VIRGINIA:  Northern:  See  Pa.,  H.  E.  Ransford  Co. 

Southern:  See  N.  C.,  Bivins  &  Caldwell,  Inc. 
WISCONSIN;  Eastern:  See  III.,  Crossley  Assoc.,  Inc. 

Northeastern:  See  Minn.,  Crossley  Assoc.,  Inc. 
WYOMING:  See  Colo.,  Lahana  &  Co. 
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MICRO-MICROAMPS 


Nowl  Solve  any  DC 
measurement  problem— with  a 
proven  KIN  TEL  instrument 


MEASURE  MICROVOLTS  TO  KILOVOLTS,  MICRO-MICROAMPS  TO 
AMPS  WITH  STABILITY,  ACCURACY,  SIMPLICITY! 

From  research  and  development  to  production  line  testing... one  of 
these  versatile  dc  measuring  instruments  can  meet  your  most  exact¬ 
ing  requirements. 

All  vmits  incorporate  kin  tel’s  proven  chopper-stabilized  circuitry 
for  rock-solid  measurement  of  microvolt  level  dc  signals.  All  have 
zero  center  meters  for  instant  polarity  indication. 

KIN  tel’s  microvoltmeters  feature  high  input  impedance  and  can 
be  used  as  stable  dc  amplifiers.  The  model  301  both  measures  imd 
supplies  DC  from  1  to  501  volts  with  0.02%  accuracy  -  provides 
20  ma  output  as  a  supply. 

One  of  these  instruments  can  solve  your  dc  measurement  problem. 
And  remember  -  reliable,  accurate  performance  is  assured  by  kin 
tel’s  experience  in  manufacturing  more  than  10,000  instruments. 


*The  301  utilizes  a  null  voltmeter  to  indicate  difference  between  voltage  being  measured  and  output 
of  its  variable  DC  supply.  Its  null  meter  has  4  full  scale  ranges  from  ±0.05  to  ±50  V. 

Write  for  detailed  literature  -  5725  Kearny  Villa  Rd., 

San  Diego  11,  Calif.  Representatives  in  all  major  cities. 


A  Dhrltlon  of  Cahu  QKtrenIct  Inc. 


Model  203.  Measure 
10  microvolts  to  1 
kilovolt,  100  nits 
to  100  ma.  25  ranges. 
This  is  the  ONE 
universal  meter. 


Model  202B.  Wide 
range,  DC  microvolt¬ 
meter-amplifier.  Zero 
center  meter 
gives  instant  polarity 
indication. 


Modal  204A.  Electronic 
galvo.  Transistorized. 
Sensitive,  rugged  DC 
null  detector,  amplifier, 
microvoitmeter, 
micro-microammotor. 


Modol  301.  Calibrated 
null  voltmeter  and 
DC  standard.  Instantly 
measure  and  supply 
DC  from  1  to  501  volts 
at  0.02%  accuracy. 


Model  203AR.  Measure 
0.001«ia  to  1  amp, 
100  MV  to  1000  volts. 

Zero  center  meter. 
Compact,  19-inch  rack 
mount  design. 


Instrument 

Model  203 

Model  202B 

Model  204A 

Model  301 

Model  203AR 

DC  Voltage 
Ranges 
(Full  Scale) 

±100MVtO 

±1000V 

15  ranges 

±300mv  to 
±1000V 

14  ranges 

±  IOmv  to 
±10V 

7  ranges 

1  to  501 
volts* 

±100mv  to 
±1000V 

15  ranges 

DC  Current 
Ranges 
(Full  Scale) 

±  lOOMMa  to 
±100ma 

10  ranges 

None 

±0.00lMa  to 
±lma 

7  ranges 

Not 

Applicable 

±0.001ua 
to  1  amp 

19  ranges 

Input 

Impedance 

10  megohms 
below  lOmv- 
30  megohms 
at  30mv- 
100  megohms 
above  30mv 

10  megohms 
below  lOmv- 
30  megohms 
at  30mv- 
100  megohms 
above  30mv 

10,000  ohms 

Infinite  at 
null 

10  megohms  at 
30mv  and  below 

100  megohms 
above  30mv 

Measurement 

Accuracy 

3% 

3% 

3%  on  2  lower 
ranges, 

4%  above 

0.02% 

3% 

Max.  Output 
as  Amplifier 

1  volt  across 
1000  ohms 

1  volt  across 
2000  ohms 

1  volt  across 
1000  ohms 

Not 

Applicable 

1  volt  across 
500  ohms 

Equiv.  Input 
Drift  (Max. 
Long  Time) 

IOmv 

15mv 

<2mv 

0.01% 

stability 

IOmv 

Price 

S550 

$350 

$325 

$625 

$550 
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COMPONENT  DESIGN 


Memory  Meter  Retains  Reading 


Nylon  headed  plunger  pushes  against  the  back  oi  the  face  plate  and  clamps  the  pointer 
in  position  at  the  reading  instant 


A  SIMPLE,  reliable  means  of  re¬ 
cording  a  meter  reading  which 
must  be  taken  at  a  particular  in¬ 
stant,  but  which  cannot  be  noted 
immediately  is  provided  by  the 
memory  meter.  Readings  may  be 
recorded  at  any  point  on  the 
memory  meter  scale  and  not 
necessarily  at  the  maximum 
reached  by  the  signal.  It  is  ideal 
for  situations  which  require  meter 
readings  in  remote  areas  or  simul¬ 
taneous  reading  of  a  group  of 
meters. 

The  unit,  developed  by  Assembly 
Products  Inc,  Chesterland,  Ohio  is 
essentially  a  sensitive  panel  meter 
with  a  rear-mounted  solenoid  and 
plunger.  The  solenoid  is  normally 
energized  and  the  plunger  re¬ 
tracted.  When  a  reading  is  desired, 
the  solenoid  is  de-energized.  A 
nylon-headed  plunger  pushes 


against  the  back  of  the  face  plate, 
which  is  normally  held  away  from 
the  pointer  by  two  small  springs  at 
its  base.  At  the  reading  instant 
the  pointer  is  held  fast  between 
the  face  plate  and  a  clamper  plate 
mounted  over  the  top  arc  of  the 
face  plate. 


The  memory  meter  is  available 
in  almost  any  sensitivity  range, 
from  a  few  /la  or  mv  to  50  amp  or 
500  V  either  d-c  or  a-c.  In  present 
models,  the  solenoid  coil  operates 
on  100  d-c  and  about  30  ma.  An  ex¬ 
ternal  rectifier  may  be  used  with  a-c 
current. 


High  Power  Transistor  Servo 


A  DIODE  NETWORK  which  com¬ 
pensates  for  ambient  and  junction 
temperature  changes  permits  tran¬ 
sistors  to  be  used  in  medium  and 
high  pQwer  servomechanism.  Com¬ 
pensating  for  transistor  amplifier 
drift  has  been  attempted  through 
the  use  of  resistors,  but  this 
method  simply  restricts  the  oper¬ 
ating  range  of  the  transistor  and 
the  drift  current  is  still  present 
and  uncompensated.  The  tran¬ 
sistor  amplifiers  in  the  servomech¬ 
anism  use  diodes  for  temperature 
compensation.  Output  power  up  to 
140  w  is  obtained  from  the  ampli¬ 
fier  with  negligible  drift. 

The  temperature  compensating 
network  was  designed  by  Advanced 
Research  Associates  Inc,  4128B 
Howard  Ave.,  Kensington,  Md.  for 
use  in  their  model  2-ARA  d-c 
servomechanism.  The  units  have 
high  speed  and  high  torque  char¬ 
acteristics  and  are  packaged  in  a 
small  size  currently  found  only  in 
low  power  instrument  type  servos. 

The  electronic  portion  of  the 
servo  uses  transistors  with  the 
exception  of  the  input  stage.  A 


vacuum  tube  is  used  at  the  input 
to  convert  the  signal  voltage  to  a 
current  through  transconductance. 
In  this  way  the  component  best 
suited  to  the  job  is  used.  The  input 
signal  voltage  sees  a  grid  and  the 
output  current  sees  the  transistor 
amplifier.  A  vacuum  tube  input 
also  permits  use  of  the  servo  as  a 


replacement  or  complement  to 
larger  or  less  efficient  high  imped¬ 
ance  existing  systems. 

The  transistors  are  temperature 
stabilized  with  a  diode  connected 
between  the  base  and  emitter.  The 
diode  used  has  several  special  char¬ 
acteristics  and  in  addition  must 
have  the  correct  thermal  connec- 


Measuring  response  characteristics  of  servo  amplifier 
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gyroscopes 


now  in  volume  production 


The  first  units  of  floated  rote-integrating,  single-degree-of-freedom  gyros  began  coming  off  the  AC  production  lines  in  June  of  1957. 

AC  gyros  are  built  to  such  precision  standards  that  they  can  sense  rates  of  rotation  so  slight  that  one  revolution  vrould  take  several  years 
to  complete.  What's  more,  AC  gyros  have  withstood  os  much  as  5,000  to  7,000  consecutive  hours  of  operation  without  significant  loss  of 
efficiency.  Actual  test  information  is  available  to  qualified  manufacturers.  Immediate  delivery  of.  75  x  10*;  10  x  10*;  2  x  10*;  1  x  10*. 
— If  you  are  an  engineer  and  have  an  electrical,  mechanical  or  electronic  background  and  might  be  interested  in  working  with  AC  in 
Milwaukee,  write  Mr.  Cecil  E.  Sundeen,  Supervisor  of  Technical  Employment,  Dept.  A,  1925  E.  Kenilworth,  Milwaukee  1,  Wisconsin, 
AC  .  .  .  the  Electronics  Division  of  General  Motors.  ^ 

Aftarburnar  Sual  Centrelf  a  ■emWng  Navigational  Cowigiitara  a  Imargoncy  Fual  Centrolt  a  Can-lamh-tethat  Sights  a  Oyro-Accolareaiatars  a  Oyroscogat 
Inortiol  Ouidanco  Systoms  a  Manifold  Air  Arossuro  Ragidotort  a  Sgaod  SantMvo  Strltchas  a  Spaad  Santera  a  Three- Way  Solecter  Valves  a  Terguamatars 
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10,000 
now  in  use 
throughout 
the  world 


Complete  serTO  mechcmUm  b  packaged 
in  a  small  self-contained  unit 


tion  with  the  transistor.  The 
linear  d-c  amplifier  is  free  from 
balance  pots  which  complicate  the 
system  and  true  Class  B  amplifier 
characteristics  are  obtained  with¬ 
out  bias  voltage  dividers.  Servo 
feedback  is  provided  by  mounting 
the  wiper  of  a  high  resolution,  wire- 
wound  potentiometer  directly  on  the 
output  shaft.  If  alteration  is  needed 
the  feedback  pot  can  be  moved  and 
other  mechanical  units  included  in 
the  feedback  loop. 

The  units  are  adaptable  for  con¬ 
trol  of  aircraft  surfaces,  machine 
tool  drives,  chemical  and  nuclear 
process  control,  test  equipment,  or 
any  application  where  rotary  or 
linear  motion  is  required. 


MV.I7C 

DC-VTVM 


Liquid-Filled  Pots 
Enhcmce  Reliability 


**  For  Sensitivity  And 

Ultimate  Reliability  Choose 
the  Millivac  MV- 17  C  DC-VTVM 


Millivac  established  its  leadership  in  the  field  of 
sensitive  DC  VTVM’s  in  1948  when  we  introduced  the 
world’s  first  high  impedance  millivoltmeter  for  DC,  the 
MV-17  A,  forerunner  of  the  present  MV-17  C.  It  had  a 
lowest  range  of  0-1  mV,  at  6  megohms  input  impedance. 
Since  then  we  have  steadily  improved  our  DC  meters. 
Our  latest  model,  the  MV-27  C,  is  4  times  more  sensi¬ 
tive  than  the  original  instrument  (0-250  uV,  6  meg). 

These  instruments  are  available  in  portable  or  rack¬ 
mounted  form,  also  with  or  without  circuitry  to  drive 
recorders,  with  or  without  insulated  dummy  ground 
as  well  as  for  regular  60  cps  line  operation  or  for  odd 
line  frequencies  (50  cps-500  cps,  117V). 

Over  10,000  of  these  meters  are  now  in  general  use 
throughout  the  world.  If  you  are  not  yet  familiar  with 
the  MV-17  C  or  MV-27  C,  write  for  complete  literature. 


Sealing  precbion  potentiometer  in  oil  bath 
increases  life  expectancy  10  times 


Deterioration  and  performance 
problems  experienced  with  pre¬ 
cision  potentiometers  are  reduced 
by  a  new  technique-  which  seals 
the  potentiometer  in  a  bath  of 
oil.  Reduced  noise,  increased  di¬ 
electric  strength,  prolonged  shelf- 
life,  greater  heat  dissipation  and 
up  to  10  times  the  life  expectancy 
are  the  significant  advantages 


'famoViouf  u  qo^  t^teAdji^ 


MILLIVAC  Instruments 

BOX  997,  SCHENECTADY,  N.  Y. 
Division  of  Cohu  Electronics,  Inc. 
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NEW  miniature  switch... 


I  ms  IN  1-3/32''  CIRCLE 


minimum  depth  BEHIND  PANEL- 
\/\'/  ONLY  FOR  A 

SINGLE-SEaiON  SWITCH 

SWITCH  SEaiON  IS  ONLY  1/16"  THICK 

MINIMUM  SPACE  BETWEEN  SECTIONS- 
5/16"  WITH  CUPS  ON  FRONT  AND  BACK 


SWITCHES  •  ROTARY  SOLENOIDS  •  CHOPPERS  •  SPECIAL  ASSEMBLIES  •  VIBRATORS  •  TUNERS 
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^  UP  TO  IB  CONTACTS  PER  SfCTfON 
f  ^  Vs"  SHAFT,  STANDARD 

•  ^  LOW  CAPACITANa 

►  SAMS  HIGH  QUAUTY  AND 

RfUABIUTY  AS  LAROfR  OAK  SWITCHtS 


U  Here*g  new  help  in  the  battle  of  miniatnriza- 

-  ti<m.  This  tiny  switch  can  pare  critical  space 
and  weight  from  your  designs.  The  large  num- 
I  her  of  contacts  it  provides  enablea  you  to  han- 
^  die  complex  circuits,  too.  The  clips  on  the 
Series  “A**  arc  a  miniature  version  of  the  fa¬ 
mous  Oak  double-wiping  design — ^long  accept- 
^  ed  as  the  standard  of  the  industry  for  reliability 
and  long  life.  Oak  engineers  will  be  glad  to  fur- 
[  nish  complete  information,  and  work  with  you 
in  devel^ing  the  exact  variatimi  you  need. 


MMHL  SSKRtK  HHHB  ttHMR  BRHBN  NHHB  I 

Writ*  ON  ComfMmy  UHoriioil  hr 

«  Co|w  •(  Nw  Oak  SwMi  Casstof 

■ 


SERIES 


LOW-CURRENT  ROTARY  SWITCH 


SPECIFICATIONS 

Index  .-Double  ball  bearing,  hill  and  valley  type  with 
stainless  steel  spring.  Fixed  and  adjustable  stops,  and 
locating  key  available. 

Shafts  ond  Bushings  _i^"  shaft  with  %-32  bushing 
is  standard;  5/32"  shaft  with  %-32  bushing  and 
shaft  with  %-32  bushing  can  be  supplied  also.  Water 
seal  bushings  optional. 

Sections— 8,  10,  or  12-position,  stacked  in  any  number 
up  to  a  total  depth  of  three  inches.  The  1  2-position  sec¬ 
tion  provides  up  to  18  insulated  contacts— 12  on.  front, 
6  on  back.  No  insulating  blocks  are  needed  on  back. 


Poles 

S-Position 
(45°  throwl 

1 0-Position 
(36°  throw) 

12 -Position 
(30°  throwl 

1  pole 

2  to  8 

2  to  10 

2  to  12 

2  poles 

2  to  4 

2  to  5 

2  to  6 

3  poles 

2  to  3 

2  to  4 

2  to  5 

4  poles 

2 

2  to  3 

2  to  3 

5  poles 

2 

2 

6  poles 

2 

Clips— Solid  spring-silver  alloy  or  silver-plated  spring 
brass,  fastened  by  solid  rivets. 

Insulation  —Stator  is  silicone  fiber  glass,  meeting  speci¬ 
fication  MIL-P-997  type  GSG;  rotor  is  KEL-F®,  known  for 
its  excellent  mechanical  and  electrical  properties. 

Finish  —Commercial  or  50  and  200-hour  salt  spray. 


1260  Clybeum  Avenue,  Dept.  G,  Ctiicoge  10,  Illinois 
Phone;  MOhowk  4-2222 


BATTERIES 
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Jghtweight- Non-Spill  (in  any  position) 
ir  Transparent  Molded  Plastic  Case 
'k  High  Output  of  Watt  Hours  Per  Pound  of.  Battery 

k  Continuous  High  Voltage  Uniformity  While  Dischargir 
k  Conforms  to  Any  Amount  of  Space 


claimed  over  conventional  models. 

Liquid  filled  pots  were  developed 
by  Helipot  Corp.,  New  Beach,  Calif, 
to  free  potentiometer  sensitivity 
from  environmental  influence. 
From  the  very  instant  of  applica¬ 
tion  in  a  working  system — and 
often  before — a  potentiometer  be¬ 
gins  to  deteriorate.  Wear  products, 
moisture,  electrical  potential,  and 
heat  all  contribute  to  deterioration 
within  the  housing  of  a  potentiom¬ 
eter. 

Engineers  at  Helipot  reasoned 
that  a  potentiometer  sealed  and 
running  in  oil  should  provide  the 
greatest  possible  freedom  from  en¬ 
vironmental  influence. 

Three  liquid-filled,  multi-turn 
versions  have  been  introduced  as 
standard  models.  These  are  a  10- 
turn  ItV  in.  diameter  potentiometer 
for  bushing  mounting  plus  3-turn 
and  10-turn  2  in.  diameter  models 
for  servo  mounting.  Prototypes 
now  in  final  development  include  2 
and  3  in.  diameter,  single-turn  po¬ 
tentiometers. 


Switch  Withstands 
7  G's  at  LOOO  Cps 

Developed  for  use  under  vibration, 
shock  and  acceleration  the  model 
RR-30  sub-miniature  absolute  air 
pressure  switch  is  accurate  to  plus 
or  minus  0.5  psi  from  —85  F  to  200 
F.  Pressure  difference  between  the 
on  and  off  points  is  2  psi.  An  im¬ 
portant  design  feature  is  that  the 
switch  will  not  chatter  at  the  op¬ 
erating  points. 

The  sensing  mechanism  in  the 
RR-30  switch  developed  by  Newark 
Controls  Co.,  15  Ward  St.,  Bloom¬ 
field,  N.  J.,  is  a  hermetically  sealed 
evacuated  bellows.  Air  pressure 
being  sensed  enters  through  the 
pressure  port.  As  the  pressure 


ESTERLINE-ANGUS 

OPERATION  RECORDERS 


NON-SPIIL  IN  ANY  POSITION!! 


The  molded  plastic  cases,  in  which  Sturges 
batteries  are  assembled,  are  completely 
seamless.  The  covers  are  firmly  cemented  to  the  cases 
and  a  special  baffle  and  non-spill  vent  prevents  all 
capillary  or  creeping  action  of  the  electrolyte  .  .  .  p( 
mitting  the  emission  of  only  dry  harmless  gas  from  the 


Will  Show  You  Why 

20  Pens  in  a  single  recorder  will  monitor 
20  machines  or  events.  Available  for 


DC:  2-250  Volts 
AC:  6-240  Volts 


Ask  for  Catalog  Section  50 


Product  Representatives  in  Most  Principal  Cities 

The  ESTERLINE-ANGUS  Company,  Inc. 

Pioneers  in  the  Manufacture  of  Graphic  Instruments 

DEPT.  E10.  P.  O.  BOX  5t«.  INDIANAPOLIS  •,  INDIANA 


STURGES 


FREE 


Write  for  literoture  on  six  different 
sizes  of  type  "S”  ond  type  "H  " 
Batteries;  including  performance 
curves,  size  specifications,  etc. 


CONSULT  US  ON  ALL 
YOUR  SPECIAL  BATTERY 
APPLICATION  PROBLEMS 


Type  “ff 

Storage  Battery 
Amp  Mrs.  — 15 
Voltages  from  2  to 
28  or  as  specified 
Weight  from 
1  ^5  lbs.  to  26'/;  lbs. 


Type  "S  Storage  Battery 
Amp  Hrs.— 6.  Voltages  from 
2  to  28  or  as  specified. 
Weight  from  12  oz  to  12  lbs 


mon.toctured ELECTRONIC  BATTERIES,  INC. 

Bush  Terminal  Building  Number  4  •  28-34  35th  Street  •  Brooklyn  32,  New  York 


RATED  DEACIUATKC  PRESSURE 


I  -65  C  «5C 

actual  actuatik  pressure 


RelatiTe  change  in  operating  pressure  over 
— 6S  C  to  +93  C  temperature  range 
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No.  1  " 

source  of 
peripheral 
equipment 
for 

digital 

computers 


chaneres  the  bellows  which  is  simi¬ 
lar  to  a  covered  helical  spring  con¬ 
tracts  or  expands  linearly.  The 
face  or  end  of  the  bellows  works 
against  the  actuating  pin  of  the 
electrical  switch  turning  it  on  and 
off  at  the  pressure  settings. 

Vibration 

The  maximum  pressure  error  of 
the  switch  due  to  vibration  is  0.3 
pounds  per  square  inch.  This  vibra¬ 
tion  Error  lowers  the  actuating 
pressure  0.3  psi  and  raises  the  de- 
actuating  pressure  0.3  psi,  there¬ 
fore  under  the  worst  vibration  con¬ 
ditions  the  differential  between  the 
on  and  off  pressures  is  reduced  from 
2  psi  to  1.4  psi. 


MODEL 


Miniature  pressure  switch  does  not  chatter 
under  vibration 


The  pressure  switch  is  suited  for 
use  on  aircraft,  missiles,  para¬ 
chutes,  balloons,  wave-guides  or  vi¬ 
brating  equipment.  It  comes  in 
nominal  pressure  settings  from  5i 
psi  to  23  i  psi. 

SPST,  open  or  close  on  decreas¬ 
ing  pressure  or  SPDT  switches  are 
available. 

Overall  length  is  23^  in.  and 
weight  is  2  oz. 

Full  scale  rotation  is  56  deg. 
Resonant  frequency  is  9  cps  and 
the  damping  coefficient  is  0.4  to  0.6. 
Input  impedance  is  1  meg.  and 
power  input  is  28  v  d-c  center 
tapped.  Free  running  speed  is  180 
deg/sec.  and  maximum  operating 
temperature  75  C. 


Replaceable  Capstan  Panel  permits  use  as  Perforated  Tape  Reader 
with  a  remarkable  new  brake  capable  of  stopping  on  the  stop 
character  at  speeds  up  to  1000  characters  per  second. 

NEW  SPEED  •  VERSATILITY  •  RELIABILITY 
The  advanced  design  of  the  completely  transistorized  Potter 
Model  906  Tape  Handler  provides  improved  performance  in 
virtually  any  tape  handling  application.  Using  a  small  vacuum 
loop  buffer,  Model  906  features: 


Cemplat*  front  occossibility— single 
ponol  construction 

Pinch  rollers  capable  of  100  million 

start-stop  operations 

In-line  threading,  end  of  tape  sensing 

and  tape  break  protection 

Speeds  up  to  ISO  ips 

As  many  as  4  speeds  forward  and 

reverse 


Capable  of  continuous  eyefing  at  any 
frequency  from  0  to  200  cps  without 
flutter 

“  Rewind  or  search  at  400  ips 

*  3  millisecond  starts 

*  U  millisecond  stops 

*  Tope  widths  to  1-1/4" 

*  Up  to  47  channeb 

*  All  functions  remotely  controllable 

The  904  may  be  supplied  with  completely  transistorized  Record-Playback  am¬ 
plifiers  featuring  electronic  switching  from  record  to  playback  function,  with 
separate  module  for  each  channel. 

Other  Potter  products  include  Transistorized  Frequency  Time  Counters,  Magnetic 
Tape  Handlers,  Perforated  Tape  Readers,  High  Speed  Printers,  Record-Playback 
Amplifiers  and  Record-Playback  Heads. 


Applications 

The  original  design  has  been 
adapted  to  applications  requiring 
much  higher  load  torque  capabili¬ 
ties.  To  date  both  ten  and  twenty- 
five  foot/pound  units  of  comparable 
characteristics  have  been  developed 
for  special  applications,  with  units 
of  several  hundred  foot/pounds 
currently  in  the  design  stage. 
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PRODUCTION  TECHNIQUES 


Transistors  Are  Made  By  Photolithography 


Trontutor  U  dot  in  upper  left  comer  of  iinqertip-eized  circuit.  Entire  circuit  is  no  larger 
than  transformer  now  used  in  circuit  at  right 


By  J.  R.  Nall  and  J.  W.  Lathrop 

Diamond  Ordnance  Fuze  Laboratories 
Washing-ton,  D.  C. 

Photolithographic  techniques 
allow  great  flexibility  of  miniature 
transistor  design,  evaporation  of 
leads  and  produce  a  transistor  that 
is  an  integral  part  of  the  printed 
circuit  and  able  to  withstand  high 
shock. 

Diffused  blanks  0.045  inches  by 
0.045  inches  by  0.010  inches  are 
used.  The  original  material  is  p-type 
about  1  ohm-cm  into  which  arsenic 
is  diffused  giving  rise  to  an  n-type 
skin  about  9  fi  thick.  The  p-type  ma¬ 
terial  becomes  the  collector  of  the 
finished  transistor  and  the  n-type 
skin  the  base.  A  layer  of  photo¬ 
sensitive  resist  is  placed  on  the  ger¬ 
manium  surface,  masked,  exposed 
and  developed  leaving  a  bare  rec¬ 
tangular  area  of  germanium. 

The  aluminum  emitter  material  is 
evaporated  and  deposited  over  the 
layer  of  resist.  When  the  under¬ 
lying  resist  is  chemically  stripped 
away  the  aluminum  remains  only  on 
the  rectangular  area.  Resolution 
equivalent  to  mechanical  masking 


can  be  achieved  by  this  process. 
After  the  aluminum  emitter  is  al¬ 
loyed  to  the  germanium  by  heating, 
a  base  contact  pattern  of  similar 
shape  is  formed  next  to  the  emitter 
by  the  same  photolithographic  proc¬ 
ess.  The  contact  is  electrolytically 
deposited  gold  with  a  small  percent¬ 
age  of  antimony. 

The  gold  is  deposited  on  clean 
germanium  surface  and  resist  is 
not  stripped  before  alloying.  The 
gold  alloys  at  a  lower  temperature 


than  the  aluminum,  leaving  the 
emitter  undisturbed.  The  collector 
base  junction  is  defined  by  etching 
away  the  n-type  skin  except  in  the 
vicinity  of  the  emitter  and  base 
contacts.  Photosensitive  lacquer, 
which  is  not  attacked  by  the  acids 
commonly  used  to  etch  germanium, 
controls  the  pedestal  geometry  dur¬ 
ing  etching.  The  transistor  is  sol¬ 
dered  to  a  thin  base  plate  and 
inserted  into  a  hole  in  a  ce¬ 
ramic  printed  circuit  board.  Any 


DESIGN  TRENDS:  Card  Programs  Function  Generator 


Diode  function  generator  designed  by  Electrol.  Inc.,  Los  Angeles. 
Calif.,  for  analog  computer  rack-mounting,  employs  punched 
cards.  Cards  allow  pre-programming  to  reduce  setup  time,  act  os 
function  memory  or  permanent  record.  Card  is  placed  behind 
front  door.  As  door  closes,  spring-loaded  plungers  in  door  pass 
through  cord  holes,  actuating  sealed  switches.  Switches,  the 
onl^  moving  ports  in  circuits,  set  up  resistor  networks  to  perform 


the  function.  Functions  moy  be  composed  of  20  contiguous  line 
segments,  each  with  slope  values  from  0.01  to  10.16  v/v.  Zero 
offset,  slope  ond  scale  factor  are  programmed  on  same  card. 
Plug-in  resistor  assemblies  may  be  varied  to  change  break  points. 
Accuracy  is  stated  os  0.1  per  cent.  Photo  at  left  is  front  with  door 
open  to  show  plungers  ond  plate  which  backs  up  card.  At  right 
plote  is  removed  to  expose  function  networks 
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ce- 


flrst  off  the  new 


SANBORN  450’s: 


These  new  Sanbom  Unit  PreampliBers  — designed  to  drive  optical 
recording  systems,  tape  recorders,  wide  band  oscilloscopes,  panel 
meters  and  other  devices  — offer  you  an  outstanding  combination  of 
performance  characteristics,  operating  versatility  and  ease,  flexibility 
through  interchangeable  design,  and  compactness  in  either  single  unit 
or  four-unit  rack  module  packaging.  The  1100  Carrier  and  1800A 
True  Differential  DC  types  are  versatile  enough  to  cover  the  vast 
majority  of  input  signal  requirements,  with  practically  any  type  of 
transducer.  (For  use  with  high  speed  optical  galvanometers  at  frequencies 
above  500  cps,  requiring  larger  current  swings,  a  transistor  output 
ampliffer  is  built  into  the  450-1800A  and  available  as  optional  equip¬ 
ment  on  other  450’s.)  Later  "450”  Unit  Preamplifiers  will  include 
Servo  (demodulator)  Monitor,  DC  Coupling,  Logarithmic,  Low  Level 
and  Dual-Channel  DC  types.  As  shown,  any  "450”  can  be  installed  or 
quickly  interchanged  in  any  bay  of  the  four- Preamp  module,  or  in  a 
portable  case. 

Supplementing  the  basic  specifications,  the  450-1100  is  a  carrier 
amplifier-demodulator  with  zero  suppression,  which  provides  excitation 
for  and  accepts  the  outputs  of  various  resistance  bridge,  variable 
reluctance,  differential  transformer  and  other  types  of  transducers  The 
450-1800A  is  a  low-noise,  low  drift,  wide  band-width,  high  gain  true 
differential  DC  amplifier,  with  front  panel  controls  for  smooth  gain, 
position,  and  internal  2  mv  calibration  signal.  For  further  data  or 
application  information  on  these  new  self-contained  Unit  Preamplifiers, 
contact  your  Sanborn  Industrial  Engineering  Representative  or  write 
the  Industrial  Division  of  Sanborn  Company. 


SANBORN  COMPANY 

175  Wyrrtan  St.,  Waltham  54,  Maas. 
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UNIT 


450-1100 
Carrier  Preamplifier 


PREAMPLIFIERS 

with  Integra!  Power  Supplies 


SPECIFICATION  SUMMARY 

MODEL  450-1  tOOA  TRUE  DIFFERP4TIAL  DC  FREAMFLIFIER 

Input  Impedance:  200K  differentially  between  terminals  (bolonced)  or 
100K  each  input  lead  to  gnd.  (single*ended) 

Common  mode  refection:  at  DC,  100  db;  to  60  cps,  94  db; 

400  cps,  80  db. 

Equiv.  input  drift:  ^2  uv  for  24  hours 

Equiv.  input  noise:  5  uv  peak  to  peak  (0-10  Cps),  20  uv  (0-1000  cps), 
50  uv  (0-30  kc) 

Output  low  Power  Circuit: 

Output  oppears  between  two  cothodes  os  true  push  pull  signal. 
Common  mode  level  of  cathodes  ^.2  volts  with  respect  to  ground* 
Output  copobility:  ^3  volts  into  5000  ohms 
^10  volts  open  circuit 

Zero  position  control  not  active  for  this  output 
Freq.  response;  3  db  down  at  30  kc 
Linearity:  0.1% 

High  Power  Circuit: 

Output  appears  between  two  emitters  os  true  push  pull  signal. 

Common  mode  level  of  emitters  ^2.5  volts  with  respect  to  ground. 

Preferred  lood:  50  ohms 

Output:  ^2.5  volts,  ^50  mo 

Freq.  response;  3  db  down  at  15  kc 

Lineority:  0.5% 

Zero  position  control  is  operative  for  high  power  output  ckt. 

Oaln  —  Fixed  steps  1000,  500,  200,  100,  50,  20 
Gain  Accuracy  0.5%  for  D.C. 

Smooth  gain  control  covers  range  between  fixed  steps 
Fewer  Req.  —  115  voHs,  60  cps,  approx.  50  watts 

MODEL  450-1100  CARRIER  PREAMPUFIER 

Corrier  Freq.  —  2400  cps  (std.);  600,  1200,  4800  cps  optional 
Corrier  Esc.  —  approx.  4.5^5  volts,  depending  on  transducer  imped. 
Tronsducer  Imped.  —  100  ohms  min.  •  1000  ohms  max. 

Input  Imped.  —  approx.  2500  ohms,  incl.  zero  sup.  ckt. 

SensitivltY  — 100  uv  rms  from  transducer  (output  imped.  1000  ohms  or  less) 
gives  1  volt  at  output  under  max.  output  loading 
Output  ~  preferred  circuit:  between  one  active  cathode  ond  one  reference 
cothode 

olternote  circuit:  between  active  cathode  and  ground 
Output  Veltoge  Capobililies  —  (a)  *3  volts  into  2.2K  min.  load 

(b)  ^6  volts  into  5K  load 

(c)  ^7.5  volts  open  ckt 

Output  Lineority  —  better  then  0.2%  for  (a)  above 

Output  Impedonce —  approx.  1000  ohms,  preferred  ckt.,  500  ohms  olternate 
output  ckt. 

Freq.  Response  —  3db  at  20%  of  carrier  freq. 

Zefe  Suppression  con  suppress  0  to  100%  of  transducer  lood  (either  sense 
vio  switch) 

Power  Req.  —  115  volts,  50-400  cps,  opprox.  30  watts 


WHO  IS  BORG? 


HOW  BORG 
EQUIPMENT  DIVISION 
CAN  HELP  YOU  .  .  . 


on  the  board  with  the  contacts  in 
the  pedestal.  The  leads  have  a  con¬ 
ductivity  approximately  equivalent 
to  a  wire  0.0006"  in  diameter. 

The  photo  resist  insulates  the  de¬ 
posited  leads  from  the  germanium 
surface  and  protects  the  surface 
from  contamination  until  the  en¬ 
tire  circuit  or  combination  of  cir¬ 
cuits  can  be  hermetically  sealed. 


George  W.  Borg,  who  founded  this 
corporation,  is  the  “Mr.  Clutch”  who 
started  with  Borg  &  Beck.  He  then 
helped  organize  the  Borg-Warner 
Corporation  of  which  he  became 
president.  Later  he  served  as  chair¬ 
man  of  the  board  until  he  resigned 
to  devote  his  full  attention  to  The 
George  W.  Borg  Corporation. 


PATTERN 

.  ...--film 


•PHOTOSENSITIVE 

RESIST 


GERMANIUM 


THE  GEORGE  W.BORG  CORPORATION 


PRINTED  SILVER 
LEAD 

■EMITTER 
/--RESIST  ; 


Schsmatic  diagram  of  exposure  process 
for  germanium  blanks 


BORG  FABRICS 
DIVISION 


BORG  PRODUCTS 
DIVISION 


gap  between  the  board  and  the  die 
is  filled  with  insulating  cement 
which  serves  to  firmly  attach  the 
transistor.  By  using  relatively 
crude  masking,  aluminum  leads 
may  now  be  vacuum  deposited 
for  connecting  the  printed  wiring 


GERMANIUM 


BORG  EQUIPMENT 
DIVISION 


CERAMIC 


CERAMIC 


METAL  BASE  PLATE 


The  George  W.  Borg  Corporation  is 
comprised  of  three  divisions 

•  Berg  Products  Division 

Manufactures  automotive  clocks. 

•  Berg  Fabrics  Division 

Manufactures  deep-pile  fabrics 
best  known  of  this  line  is  the 
fashionable  “Borgana”  fabric. 

•  Berg  Equipment  Division 

Manufactures  Micropots  (preci¬ 
sion  potentiometers),  Micr^ials 
(precision  turn-counting  dialsK 
instrument  motors,  frequency 
standards,  aircraft  navigational 
instruments  and  components  for 
systems. 


Cross  section  shows  finished  iransistor 
fixed  in  hole  in  ceramic  ponied  circuit 
board.  Final  aluminum  film  makes  leads 


Flanges  Feed  Cutting  Coolant 


Borg’s  background  of  experience  will 
save  you  time  and  money  by  helping 
you  solve  design  and  production  prob¬ 
lems  of  electronic  components.  Whether 
you  are  faced  with  a  special  problem 
or  interested  in  a  standard  component, 
call  Borg  Equipment  Division  for  an 
economically  sound  solution.  Write 
today  for  catalog  BED-A56. 


Flanges  on  5  inch  diamond  wheel  are  slotted  to  permit  coolant  to  flow  into  cut  by  cen- 
trliugol  force.  Crystal  holding  iixiiue  shown  permits  cuts  olong  ony  desired  plane 


Coolant  feed  flanges  are  employed  ity  to  the  wheel,  are  machined  so 
in  semiconductor  watering  ma-  that  they  also  feed  coolant  along 
chines  made  by  Micromech  Mfg.  the  surface  of  the  wheel  into  the 
Corp.,  Union,  N.  J.  The  technique  kerf. 

helps  prolong  the  life  of  metal  The  coolant  is  fed  under  pressure 
bonded  diamond  watering  wheels.  through  tubes  into  a  radial  groove 
The  flanges,  which  impart  rigid-  in  the  flanges.  A  portion  of  the  cool- 


BORG  EQUIPMENT  DIVISION 

THE  GEORGE  W.  BORG  CORPORATION 
JANESVILLE.  WISCONSIN 


CIRCLE  6S  READERS  SERVICE  CARD 


February  14,  1958  —  ELECTRONICS  engineering  edition 


mictqwt 


Modal  990L 


MIGSO^. 


Medol  990W 


These  little  fellows 

/ 

do  a  Whale  of  a  job . . . 


Pair  of  flaaqea.  Inside  is  hollowed  to 
accomodate  flow  of  coolant  into  feeding 
slots  from  rodial  grooTe  on  exterior 


Model  990T 


ant  flows  through  slots  to  the  hol¬ 
lowed  inside  of  the  flanges.  Cen¬ 
trifugal  force  carries  the  liquid  out 
through  slots  and  along  the  wheel 
surface. 

Flanges  are  made  of  303  stain¬ 
less  steel.  They  are  first  roughed 
turned,  faced  and  the  radial  groove 
and  hollow  undercut  made.  Then 
they  are  drilled  and  reamed  to  ex¬ 
act  bore,  all  on  a  lathe. 

The  through  slots  are  located  in 
a  dividing  head  and  drilled.  The 
flanges,  still  mounted  in  the  divid¬ 
ing  head,  are  transferred  to  a  ver¬ 
tical  milling  machine  for  through 
slot  milling. 

The  flanges  are  returned  to  a 
lathe,  mounted  on  a  mandrel  be¬ 
tween  centers  and  a  finish  cut  taken 
all  over.  Radial  runout  is  held  to 
0.0005  inch  and  parallelism  of  faces, 
to  0.0001  inch.  The  diameter  of  the 
flange  will  depend  on  the  depth  of 
cut  desired. 


Casting  Brushes  in 
Continuous  Strips 

By  E.  Natkins 

Chief  Engineer 
Grles  Reproducer  Corp. 

New  Rochelle,  N.  Y. 

Redesign  of  the  five-piece  brush 
assembly  for  an  impulse  counter 
permitted  production  as  one  piece 
by  Cries,  with  resulting  improve¬ 
ments  in  counter  assembly  time, 
operation  and  cost. 

IBM  uses  18,000  counters  of  this 
type  yearly  in  its  model  101  statisti¬ 
cal  machine,  model  9600  automatic 
production  recorder  and  model  528 
accumulating  reproducer. 

Except  for  bending  of  brush  tips 
and  packaging,  automatic  machines 
are  used.  First,  strands  of  0.008 


Actual  Size 


BORG  TRIMMING 
MICROPOTS 


Borg  990  Series  Trimming  Micropots  provide  accurate 
voltage  adjustments  in  critical  electronic  circuits.  Extremely 
small,  they  fit  readily  into  subminiature  circuits.  They 

are  wire  wound  and  adjustable.  Borg  Trimming  Micropots 
are  protected  against  humidity,  salt-spray,  dust  and 

other  adverse  environmental  conditions.  They  can  be 
mounted  individually  or  stacked  to  give  the  designer 

the  greatest  possible  latitude.  Borg  990  Series  Trimming 
Micropots  are  available  with  three  types  of  terminals  .  .  . 
printed  circuit,  soldered  lug  and  insulated  wire  leads. 

Write  today  for  the  name  of  your  nearest  Borg  "Tech-Rep." 
It  will  pay  you  to  know  him. 

Write  For  Complete  Intomtetlon  .  .  . 

Bulletin  BBO-ABB 


BORG  EQUIPMENT  DIVISION  j 

THE  GEORGE  W.  lORG  CORPORATION 

JANtSVILU.  WISCONSIN 


MOTORS  ^ 

MICROPOTS 

MICRODIAIS 
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ACEPOr 


SUI-MINI*nitE,  PKClSION,  WIRE-WOUND  ■ 

LINEAR  ^ 

POTENTIOMETER! 


Small  pot  size  —  Big  pot  performance 


Impulse  counter  brush  assembly  using 
music  wire,  sine  and  nylon  emerges  in 
one  piece  from  casting  and  molding  ma¬ 
chines 


Only  Vi"  in  diameter,  the  ACEPOT  excels  in  a  combination  of  all 
around  top  performance  characteristics  comparable  to  larger  units. 
For  example,  these  precision  units  feature  ±2%  resistance  tolerance 
and  ±  0.3%  independent  linearity.  Every  potentiometer  is  complete¬ 
ly  sealed  against  sand,  dust  and  foreign  matter  to  avoid  abrasive  ac¬ 
tion  between  moving  parts.  All  materials  and  metals  are  treated  for 
maximum  resistance  to  salt  spray,  corrosion,  humidity  and  conform 
to  shock  and  vibration  tests.  ACEPOTS  are  designed  and  assembled 
MIL-A-8625A,  QQ-M-1512,  JAN-T-152,  MIL-E-5272A,  MIL-R- 
19A,  NAS-710  and  MIL-R-19518  (ships). 
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ACEPOT  LINEARITY  TEST 

Plot  of  voltagw  ratio  orror  vortut  ro¬ 
tation  iilustrato*  linoarity  to  bottor 
than  ±  0.3%. 


ACEPOT  RESOLUTION  TEST 

Soction  of  oscillograph  traco  of  oloc- 
trical  rofolutlon  shows  voltago 
chango  for  oach  turn  of  wiro. 


ACE  offers  a  wide  variety  of  linear  and  nonlinear  precision,  wire- 
wound  potentiometers  in  standard,  special  and  AIA  sizes.  Custom 
designs  to  meet  special  requirements  can  be  made  available  on  short 
lead  time.  Call,  write  or  teletype  Dept.  F,  ACE  ELECTRONICS 
ASSOCIATES,  INC.,  99  Dover  Street,  Somerville,  Mass,,  Somerset 
6-5130,  TWX  SMVL-181. 

ACETRIM®  ArC^ELECTRONICS  ASSOCIATES,  INC. 

ACESET® 

ACEOHM® 


music  wire,  3  on  a  side,  are  spaced 
and  aligned.  Zinc  alloy  is  die-cast 
around  the  strands,  bridging  them 
at  the  proper  interval  and  making 
a  continuous  chain  of  cores.  The  ^ 
strand  and  bridge  unit  becomes  the 
insert  for  the  molding  operation, 
which  is  handled  exactly  like  an  in¬ 
sert  casting.  Black  nylon  is  molded 
around  the  bridge,  leaving  only  a 
small  ear  of  zinc  exposed  on  each 
side.  The  wire  may  be  bent  later 
to  center  the  spring  wire  strands 
on  the  counter  contact  points.  The 
ends  of  the  strands  are  cut  and 
bent  to  specification. 

The  brush  and  insert  assemblies 
are  die-cast  and  molded  one  at  a 
time.  Each  part  is  certain  to  be 
within  tolerance  and  any  variation 


Former  design  required  iiwe  hand-assem¬ 
bled  parts  (right)  insulated  with  phenolic 
as  at  left 


5775^ 


Cast  zinc  cores,  bare  at  left  and  insu¬ 
lated  with  black  nylon  ot  right,  are  shown 
before  spring  wire  brushes  are  cut  and 
bent 
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Low  noise  level 
Wide  frequency  response 
High  input  impedance 


voit$  ruu  SCAlt 


lotched  tool  bonds  oars  of  brush  unit  to 
csnter  brushos  on  contacts  in  assomblod 
ts^ulso  counter 


Brush  tips  aro  possed  under  qas  flame 
ond  air  let  (top  center)  in  hordening 
machine  after  brushes  are  loaded  into 
recesses  on  rim  of  yerticol  wheel 


within  specifications  is  the  same 
from  one  part  to  the  next  so  all 
parts  fit  equally  well.  Die  changes 
may  be  made  quickly. 

The  ends  of  the  wire  are  hard¬ 
ened  about  ^  inch  to  improve  serv¬ 
ice  life.  Tips  of  the  completed 
brushes  are  passed  under  a  gas 
flame  and  quenched  by  blasts  of  cold 
compressed  air.  The  final  operation 
is  bending  the  strands  outward 
to  achieve  slightly  higher  spring 
pressure  when  inserted  into  the 
readout. 

The  counter  is  run  in  for  6 
hours  at  360  rpm.  This  is  fol¬ 
lowed  by  two  hours  of  testing  at 
48  V,  at  20  impulses  per  minute  and 
480  rpm,  followed  by  below-nor- 
mal  voltage  tests,  30  v  at  240  rpm. 


NOTE  THE  MANY  USES  OF  THIS  BALLANTINE  VOLTMETER: 

*  Acoustic  measurements  *  Low  level  vibration  measurements 
•  Audio  amplifier  tests  *  Carrier  telephone  transmission 
•  Ultrasonic  development 
•  AM  broadcast  band  signal  measurements 

Write  lor  catalog  for  more  information  about  this  and 
other  BALLANTINE  voltmeters,  amplifiers,  and  accessories. 


100  Fanny  Road,  Beonten,  Now  Jorsoy 
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To  mehsvro . 

..  40  mkrovoils  to  100  vollt 

from . . . 

..  10  cyclM  lo  2  mogacydM 

with  accuracy  (>100  pv)  .. 

..  3%  to  1  me;  5%  oboitm 

Shorted  input  noise . 

..  loM  than  20  mkrovolta 

Input  impedarKe  . 

..  2  mogehms  shuntad  by  19  mmfd 
bolow  10  mv;  and  by  9  mmfd  abovo 

Usable  as  null  detector  sensitive  to  10  pv  from  S  cps  to  4  me 
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NEW  PRODUCTS 


Microwaves  Spur  New  Parts 


MICROWAVE 


Loads,  Isolators  Included 

Microwave  systems  continue  to  be  a  \'ital  segment  of  the  electronics 
industry.  Versatility  of  the  systems  depends  largely  on  equipment 
used.  New  equipment  designs,  in  turn,  rely  on  availabilih'  of  new 
microwave  components. 

Kearfott  Co.,  Ine.,  14844  Oxnard  St.,  Van  Nuys,  Calif.,  (275),  has 
come  out  with  model  W177-5C1  transverse  field  ferrite  isolator  which 
.operates  over  the  frequency  range  of  8.2  to  12.4  kmc  and  is  capable 
of  handling  an  average  power  of  100  w.  Isolation  is  indicated  at  20  db 
minimum  and  insertion  loss  is  only  1.3  db  maximum  over  the  entire 
range. 

A  complete  line  of  verj'  high  power  loads  in  both  coaxial  line  and 
waveguide  is  announced  by  £)ouglas  Microwave  Co.,  Inc.,  252  E.  Third 
St.,  Mt.  Vernon,  N.  Y.,  (276).  Recent  exhaustive  tests  reveal  these 
loads  will  take  more  than  75  percent  of  the  full  power  capabilities 
of  the  line  size  used. 

Rantec  Corp.,  P.  O.  Box  18,  Calabasas,  Calif.,  (277),  has  added  to 
its  ferrite  line  the  BX8121  load  isolator.  It  utilizes  the  principle  of 
resonant  absorption  of  microwave  energy.  The  unit  is  constructed 
with  RG-52/U  waveguide  and  covers  the  entire  useful  X-band  frequency 
range  from  8.2  to  12.4  kmc.  It  is  3.5  in.  long,  light-weight,  rugged, 
and  has  a  typical  isolation  of  20  db  with  an  insertion  loss  of  1.0  db. 

A  new  reflex  klystron  now  being  offered  by  Sperry  Gyroscope  Co., 
Great  Neck,  N.  Y.,  (278),  features  low  voltage  over  the  8.5-10.5  kmc 
band.  Type  SRX-92  oscillator  is  designed  for  low  hysteresis  and  high 
thermal  stability.  Applications  include  local  oscillator  in  microwave 
receivers  and  spectrum  analyzers,  signal  source  in  radar  test  sets,  and 
low  power  oscillator  for  microwave  bench  work. 


For  more  information  use  READER  SERVICE  CARD 


Voltage  Regulator 
extends  tube  life 

The  Superior  Electric  Co., 
Bristol,  Conn.  Features  of  the 
Stabiline  automatic  \oltage  regula¬ 
tor  tvpc  EM  100 18  include  the 
extension  of  life  and  reliabilitx  of 
high-prieed,  complex  \acuum  tubes 
in  sensitive  electronic  equipment. 
Operation  is  fullv  automatic  when 
used  with  external  contaetors  and 
on-off  eontrols.  WTen  the  equip 
ment  is  energized,  the  \oltagc  to 
the  tubes  is  run-up  gradually  to 
minimize  the  surge  strain  on  the 
filaments  that  appreeiably  shorten 
tube  life.  A  control  circuit  auto- 


Save  valuable  panel  space  by  using  Du  Mont 
Rectangular  Cathode-ray  Tul^s.  These  tubes  permit 
a  larger  usable  screen  area  in  a  given  space  by  elimination 
of  seldom-used  segments  of  the  circular  screen. 

Du  Mont  Rectangular  Cathode-ray  Tubes  are 
available  in  electrostatic  or  electromagnetic  tyi>es,  in  a 
wide  range  of  screen  sizes,  shapes  and  materials. 

Write  for  complete  technical  details  . . . 


f 

U’ 

Rectangular  Square  screen  for 

screen  for  display  display  of  two 

of  single,  or  super-  signals  on  a  single 
imposed  patterns.  time  base. 


DU  MONT 
RKTANOULAR 
qtTHODE-RAY 
TUftCS 


Twb«  Type 

ScrMii  Sit* 

Focus 

Dofloction 

Max.  Afiodo  Voltaao 

lonpHi 

B1204 

4%"  X  2*" 

Electrostatic 

Electrostatic 

6KV 

17X” 

K1206 

3X"  X  3)i” 

Electrostatic 

Electrostatic 

6KV 

12” 

B1167 

e'xTS” 

Electrostatic 

Electromagnetic 

12  KV 

KT 

B1194 

3''x  IX" 

Electrostatic 

Electromagnetic 

16  KV 

lOX" 

K1442 

ex”  X  ex" 

Electrostatic 

Electromagnetic 

35  KV 

12%6 

INDUSTRIAL  TUBE  SALES,  ALLEN  B.  DU  MONT  LABORATORIES,  INC.,  2  MAIN  AVENUE,  PASSAIC,  NEW  JERSEY 
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matically  actuates  at  the  proper 
time  to  maintain  a  stabilized  out¬ 
put  voltage  level  preset  to  operate 
the  equipment  at  its  f)eak  efficiency. 

Input  is  208  v  ±  10  percent, 
single  phase,  57-63  cps.  Output 
is  208  V  nominal,  0-163  v  unregu¬ 
lated,  163-208  V  adjustable  regu¬ 
lated,  45  amperes  at  40  C  ambient. 
Accuracy  is  ±  1.0  percent  for  rated 
line  and  load  changes. 

It  meets  various  MIL  specifica¬ 
tions  including  shock,  vibration, 
corrosion,  moisture,  fungus  resist¬ 
ance  and  utilizes  various  MIL  mate¬ 
rials.  Circle  279  on  Reader  Service 
Card. 


and  Magnetic  Core  Testing  Equipment 


MEGACYCLE  OPERATION 


HIGH  CURRENT 


•  Ten-Interval  Pulse  Code 

•  Five-Interval  Controllable  Repeat 

•  Variable  Width  and  Delay  Pulses 

•  Amplitude  Variable  to  5  Amp.  per 

Channel— 500  Mil.  Avg.  Current 

•  Independently  Coded  Channels 

•  Mixed  Output— 

4  Channels  Pos.  and  Neg.  ^ 


mm 


Med*l  5100A 

Four.Channai  Pulse  Cede  Generator 


Designed  for:  Magnetic  Memory  Core 
Testing  —  Switch  Core  Testing  —  Magnetic 
Material  Pulse  Response  Studies  —  Pulse 
Code  Transmission  System  Design  and 
Test  —  Multi-pulse  Circuit  Development. 


The  Electro- Pulse  5100  Series  Pulse  Code 
Generator  has  been  developed  to  meet  an 
increasing  demand  for  higher  clock  rates 
and  higher  output  currents  necessary  in 
data  handling  and  related  fields. 

The  flexible  coding  system  is  based  on  10 
intervals  with  controllable  repeat  of  five 
intervals.  Each  channel  Control  Unit 
optionally  selects  (independently  for  each 
interval)  a  pulse  or  no  pulse. 

Four  direct  channels  and  two  delayed 
channels  feed  four  output  amplifiers  to 
form  any  required  positive  or  negative  code 
patterns,  pulse  current  amplitudes,  or 
waveforms  with  variable  rise  times. 

Write  for  Complete  Data:  our  Bulletin  5100A/E 


Locking  Clips 
new  sizes  added 

Atlas  E-E  Corp.,  47  Prospect  St., 
Woburn,  Mass.,  has  added  new 
sizes  to  its  line  of  locking  clips. 
Designed  to  securely  hold  ferrule 
resistors  and  other  cylindrically 
shaped  components  under  extreme 
environmental  conditions  of  shock, 
vibration  and  heat,  they  are  avail¬ 
able  in  silver,  nickel  or  cadmium 
plating  with  or  without  solder  po¬ 
sition  lug.  The  clips  of  phosphor 
bronze  with  stainless  locking  springs 
arc  made  to  BU  Ships  spec  RE28F 
121  B.  The  locking  springs  are 
available  with  a  unique  de\icc  for 
ejecting  the  component  from  the 
clip. 

Clips  for  the  following  diameter 
components  are  now  available:  i 
in.,  :>®2  in.,  M  in.,  ?«  in.,  li  in.,  II 
in.,  i  in.,  1  in.  and  1-4  in.  Circle 
280  on  Reader  Service  Card. 


/Aod*l  3450B 
MEGACYCLE  PULSE  GENERATOR 
2  me  to  200  cpt 

Cenlinuoutly  voriobU  puls*  width 
and  doloy  to  100  ft*  in  3  rongos 
Simultonnout  pot.  A  nog.  pultot 


The  5100A  Series  and  the  Model  3450B  are  latest  additions  to  the 
Electro-Pulse  instrumentation  line.  Others:  Precision  Pulse  Generators, 
Variable  Pult#  Generators,  Time  Delay  Generators,  Pulse  Oscillators, 
Voltage  and  Current  Calibrators,  and  Electronic  Counters. 

See  our  complete  Instrumentation  Display 
— I.R.E.  Show— Booth  3611-13 


Varicon  Connectors 
are  subminiaturized 

Elco  Corp.,  M.  St.  below  Erie 
Ave.,  Philadelphia  24,  Pa.  Scries 


11861  TEALE  ST.,  CULVER  CITY,  CALIF.  •  Phone:  EXmont  8-6764  or  TExas  0-8006 
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8000  subminiature  Varicon  con¬ 
nectors  offer  a  maximum  number 
of  contacts  in  a  minimum  space, 
liiey  feature  screw-drixer  actuated 
locking  devices,  guide  pins,  floating 
mounting  holes,  and  coaxial  con¬ 
tact  arrangements  as  optional  acces¬ 
sories. 

Presently  available  in  16,  40  and 
48  contact  units,  contact  units  of 
8,  24,  32,  64  and  80  will  ultimatelv 
be  offered— built  up  of  8  and  16 
contact  modules. 

Insulator  materials  now  available 
arc  general  purpose  or  mica  filled 
phenolic,  Resinox  3700,  and  dial- 
lyl-phthallate.  Other  materials  may 
lx:  supplied  on  request.  Excellent 
contact  characteristics  with  low 
contact  resistance  are  assured. 

Current  rating  is  5  amp>eres;  con¬ 
tact  resistance,  0.002  ohm;  and  in¬ 
sulation  resistance  (dry),  25,000 
megohms  minimum.  Circle  281  on 
Reader  Service  Card. 


V-R  Power  Supply 
fully  transistorized 

Kepco  Laboratories,  Inc.,  131-38 
Sanford  Ave.,  Flushing  55,  N.  Y., 
has  released  a  new  dual  output 
completely  transistorized  voltage 
regulated  power  supply,  model  28C- 
32-1.5.  Each  output  of  the  dual 
unit  delivers  0  to  32  v  at  1.5  am¬ 
peres  continuous  duty.  Regulation 
for  line  or  load  is  less  than  0.03 
percent  or  0.003  v,  whichever  is 
greater.  Ripple  is  less  than  3  mv 
rms.  Recovery  time  is  less  than  50 
/isec.  Stability  for  8  hours  is  less 
than  0.03  percent  or  0.003  v, 
whichever  is  greater.  Resolution  of 
0.005  percent  is  obtained  with  a 
10-turn  voltage  control  making  the 
output  voltage  continuously  vari¬ 
able  without  switching.  External 
oxcrload  and  short  circuit  protec¬ 
tion  are  included.  Either  pxjsitive 


Features  an  insulated  rocker  arm 
activated  by  a  single  coil,  instead  of  the 
usual  two.  Ideal  for  machine  controls,  appliances,  positioning 
devices,  remote  TV  controls  and  other  applications  where  opposite 
switching  is  desired  each  time  circuit  is  pulsed.  Contact  combinations 
up  to  4  "C";  rated  7^  amperes  ^  115  V.  AC  resistive. 


Otnor  ELECTRIC  COMPANY 

3349  ADDISON  ST..  CHICAGO  18.  ILLINOIS 


Suitable  for  use  in  a  wide  range  of  applications.  For  AC  or  DC  operation. 
Compact  size,  lightweight.  Shock  and  vibration  resistant.  Positive 
contact  pressure.  Contact  combinations  up  to  3  "C”.  Contact 
rating,  5  amp.  resistive  with  5/32'  dia.  (10  amp.  with  3/16'  dia.).  Available 
open,  or  in  plastic  dust  covers  with  plug-in  feature,  as  illustrated. 
Send  For  Details 
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Power  Pentode 
delivers  extra-high  output 

Amperex  Electronic  Corp.,  230 
Duffy  Ave.,  Hicksville,  L.  I.,  N.  Y. 
Type  6BQ5A  tube  is  a  nine-pin, 
miniature  power  pentode  designed 
primarily  for  use  as  a  class  B  power 
amplifier  in  hi-fi  audio  equipment 
of  over  20  w  capabilities. 

The  6BQ5A  delirers  24  w  out¬ 
put  with  only  4-pcrccnt  distortion. 
It  incorporates  internal  coristruc- 
tion  improvements  making  for 
higher  power  output  with  less  dis¬ 
tortion. 

Detailed  data  and  applications 
engineering  information  are  avail¬ 
able.  Circle  283  on  Reader  Ser\- 
ice  Card. 


or  negative  may  be  grounded.  Units 
can  be  connected  in  scries. 

The  pow’er  supply  is  suitable  for 
square  w^ave  pulsed  loading.  Power 
requirements  are  105  to  125  v,  50 
to  400  cps.  Voltmeter  and  am¬ 
meter  are  pro\ided.  The  compact 
unit  is  19  in.  w'ide,  7  in.  high  and 
1 1  in.  deep.  Circle  282  on  Reader 
Service  Card. 


Kin  Tel,  A  Division  of  Cohu  Elec¬ 
tronics,  Inc.,  5725  Kearny  Villa 
Road,  Box  623,  San  Diego  12, 
Calif.  Model  301 R  is  a  compact 
adjustable  d-c  voltage  standard  and 
null  voltmeter  designed  for  mount¬ 
ing  in  standard  19-in.  racks.  Direct 
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lEHNINGS  VACUUM  RELAYS 

Our  Country's  missile  development  program  has  created  demands  for 
relays  that  must  far  exceed  in  performance  any  previous  requirements. 
Jennings  vacuum  relays  are  being  used  in  both  the  missiles  and  their 
checkout  and  guidance  systems  for  their  exceptional  reliability  under  diffi 
cult  operating  conditions. 

Four  Jennings  RE2  vacuum  relays  are  used  in  part  of  a  missile  checkout 
system  manufactured  by  Jefferson  Electronic  Products  Corporation  under 
contract  to  Sandia  Corporation.  In  this  application  it  is  necessary  that  the 
relay  reliably  switch  extremely  small  “dry  circuit"  voltages  and  currents 
with  the  entire  circuit  operating  at  a  high  voltage  potential  with  respect 
to  ground. 

Jennings  RE2  vacuum  relay  handles  these  requirements  with  ease.  High 
vacuum  processing  permits  all  parts  to  be  thoroughly  degassed  and 
absolutely  free  of  ony  contaminants  that  would  cause  contact 
resistance  to  chonge  from  one  operation  to  the  next.  The  best 
electrical  grades  of  borosilicote  gloss  and  alumina  ceramic  are 
used  to  minimize  leakage  by  providing  over  one  million  megohms 
insulation  resistance  in  the  presence  of  high  voltoge.  A  relatively  i 

long  external  glass  path  maintains  a  high  resistance  to  ground  J 

in  dusty  or  humid  atmospheres.  m 

The  R2E  relay,  rated  at  10  kv,  10  amps  rms,  is  also  used  to  M 

switch  aircraft  antennas  and  pulse  forming  networks.  All  relays  M 
are  tested  during  vibration  to  insure  adequate  contact  m 

pressure  and  reliable  operation.  M 

Jennings  manufactures  a  wide  variety  of  vacuum  relays  ^ 
for  operation  at  both  high  and  low  voltage  levels. 

Whether  they  be  used  in  commercial  or  military  equip- 
ment,  they  have  been  engineered  to  satisfy 
requirements  that  cannot  be  easily  met  with 

conventional  relays.  _ 

Writ*  for  dotails  on  the  RE2  and 
other  Jennings  transfer  relays  ^ 
ovoilobl*  now  in  production  quon-  ^ 
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reading  calibrated  dials  provide  in¬ 
stant  voltage  selection  with  stand¬ 
ard  cell  accuracy.  A  chopper  sta¬ 
bilized  circuit  constantly  compares 
the  output  with  an  internal  stand¬ 
ard  cell  to  pro\ide  stability,  ac- 
curac}’  and  excellent  dvnamic  char¬ 
acteristics.  Power  supply  output 
voltage  is  1  to  501  v.  It  has  4 
dccaded  null  meter  ranges  from 
50  V  to  50  mv  full  scale.  I’he 
meter  can  also  be  used  to  read 
input  voltage  or  the  output  voltage 
of  the  supply. 

Model  301 R,  which  has  a  wide 
\ariet\'  of  applications,  features 
0.01  percent  stability,  0.02  percent 
accuracy,  0.002  percent  line  and 
load  regulations,  less  than  100  /xv 
ripple.  0.2  millisec  response  time, 
and  less  than  0.01  ohm  output  im¬ 
pedance.  Circle  284  on  Reader 
Service  Card. 


Accelerometer 
features  simple  design 

Cl.ARK  ELECTRONre  L.VBORATORIES, 

Box  165,  Palm  Springs,  Calif.  A 
new  accelerometer  is  0.50  in.  in 
diameter  by  2.1  in.  long  and  weighs 
38  grams.  It  operates  on  the  prin¬ 
ciple  of  increasing  pressure,  on  a 
Celab  special  load  cell— simplest 
design  for  sensing  acceleration.  A 
manual  adjustment  provides  a  re¬ 
sistance  change  between  10  and 
1,000  ohms  per  G  and  a  lock  nut 
for  holding  this  adjustment.  As  the 
unit  has  no  moving  parts  or  aging 
characteristics  it  is  considered  of 
the  utmost  reliability. 

A  rating  of  1  w  provides  sufficient 
power  to  indicate  directly  on  a 
meter  svstem  without  the  use  of 
amplifiers.  WTiile  the  unit  shown 
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GIANNINI  PRECISION  VOLTAGE  MONITORS 

are  Data  Repeaters  vrhich  utilize  the  scale 
multiplying  technique.  They  have  an  inher¬ 
ent  accuracy  of  0.035%  under  alt  conditions, 
and  repeatability  of  one  part  in  ten  thou¬ 
sand.  This  is  the  first  time  that  such  accur¬ 
acy  has  been  possible  in  a  small  9") 
unit  capable  of  withstanding  the  extreme 
environments  of  airborne  operation. 

THE  PRECISION  VOLTAGE  MONITOR  alters  a 
transducer  or  control  system  signal  so  that 
data  relayed  to  the  telemetering  or  record¬ 
ing  system  is  less  susceptible  to  system 
errors.  A  unit  designed  for  incorporation  in 
the  airborne  telemetering  system  of  Chance 
Vought’s  Regulus  II  results  in  telemetered 
data  with  approximately  0.04%  overall 
error.  This  figufe  is  conservative,  and 
includes  the  effects  of  all  unit  error  sources 
such  as  hysteresis,  linearity,  temperature 
effects,  and  long  term  drift,  as  well  as 
telemetering  system  error. 


A  VOLTAGE  MONITOR  CONVERTS  AC  output 
signals  from  an  airborne  data  source  into 
3  DC  voltages,  representing  the  data  to  four 
or  more  significant  figures.  These  three 
separate  units  of  information  are  fed  into 
the  telemetering  or  recording  system  on 
three  separate  channels.  The  result  is 
transmitted  information  with  an  accuracy  of 
four  or  five  significant  figures. 

WITHOUT  CHANGING  THE  CIRCUITRY  of  the 
transmitting  system  in  any  way,  errors 
incurred  in  transmittal  are  restricted  to  the 
fourth  or  higher  order  significant  figures. 

Designed  to  satisfy  the  extreme  environ¬ 
mental  demands  of  aircraft  and  missile  data 
systems,  Giannini  Precision  Voltage  Monitors 
are  also  readily  adaptable  to  other  airborne 
or  industrial  applications  requiring  precise 
voltage  monitoring,  data  repeating,  or  data 
multiplexing.  They  are  available  in  voltage 
ranges  from  0.0  to  0.8v  to  0.0  to  lOO.Ov,  and 
sizes  from  2‘/4"x  6"  to  2‘/4"x  9". 


Giannini  measures  &  controls: 
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weighs  38  grams,  it  can  be  further 
miniaturized  by  about  5  times  if 
required.  Its  temperature  limit  is 
500  F,  but  this  is  expected  to-  be 
extended  considerably  in  time.  Cir¬ 
cle  285  on  Reader  Service  Card. 


Telemetering  Supply 

regulated  dual  output 

Power  Sources,  Inc.,  Burlington, 
Mass.,  has  available  model  PS-1010 
regulated  dual  output  telemetering 
supply.  The  completely  transist¬ 
orized  unit  occupies  less  than  58 
cu  in.  and  provides  2  outputs  each 
regulated  to  within  ±2  percent, 
180  V  at  0.-70  ma  and  108  v  at  0-85 
ma.  Ripple  on  both  outputs  is 
below  100  mw. 

Regulation  will  hold  o\er  an  in¬ 
put  of  28  V  d-c  ±8  p>erccnt  and  any 
combination  of  loads  from  0  to 
full  load.  The  unit  is  capable  of 
continuous  operation  under  con¬ 
ditions  of  1 00  g  shock,  1  50  zero  to 
2,000  cps  vibration,  and  sustained 
accelerations  of  100  g.  It  has  an 
operating  temperature  range  of  —55 
C  to  -1-85  C.  lire  unit  is  designed 
to  operate  with  a  heat  sink  mount¬ 
ing  temperature  of  185  C  during  its 
final  30  seconds  of  flight.  Circle 
286  on  Reader  Service  Card. 


53  TYPES  including  military  1N253,  1N254, 
1N255  and  1N256 


Power  Pulser 
no  moving  parts 

Torwico  Electronics,  Inc.,  1090 
Morris  Ave.,  Union,  N.  J.  A  1-f 
power  interrupter  incorporating  a 
specially  designed  magnetic  ampli¬ 
fier  involving  no  thermal  or  me¬ 
chanical  devices  has  been  added  to 
the  Tvnvmag  line. 

The  magnetic  power  pulser  is 
extremely  rugged  since  no  heaters 
or  moving  parts  are  inv  olved.  It  will 


■  200  ma  to  1  amp  current  capability. 

■  Voltage  ratings  from  50  to  1000  vd-c. 

■  Reliable  operation  at  150°C. 


Send  for 
bulletin  58R 


MICFtOWA.-V'E  -A.SSOCI-A.TES  IlSTC. 

Burlington,  Massachusetts  •  BRowning  2-3000 
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operate  with  high  reliability  and 
long  life  with  minimum  mainte¬ 
nance.  The  pulser  operates  on  a 
60  cps  or  400  cps  line  and  is  en¬ 
tirely  self  exciting.  It  can  be  pro¬ 
vided  to  pulse  a  60-cps  line  at  rates 
from  1  c>cle  per  minute  to  3  cps. 
On  400  cps  it  can  pulse  from  1 
cpm  to  60  cps.  External  adjust¬ 
ment  can  be  pro\'ided  over  approxi¬ 
mately  an  8  to  1  range. 

Power  output  can  be  pro\  ided  up 
to  100  w  d-c.  Higher  power  up  to 
10  kw  a-c  can  be  pulsed  with  the 
addition  of  a  supplementarv'  satur¬ 
able  reactor.  Size  is  dependent  on 
power  rating. 

Pulsing  is  free  from  steep  wave- 
fronts  and  de\elops  no  h-v  tran¬ 
sients,  arcing,  or  radio  interfer¬ 
ence  signals.  No  biasing,  starting 
mechanisms,  or  warmup  time  are 
required.  Ambient  temperature 
range  is  —  55  C  to  -I-  100  C.  Cir¬ 
cle  287  on  Reader  Service  Card. 


4  Ounce  Contact  Force 
Gives  Relay  Reliability 


Contact  force  of  4  ounces  per 
contact  on  50  “G”  models  and  2 
ounces  per  contact  on  30  “G” 
models  of  “Diamond  H”  Series 
R  and  Series  S  miniature,  her¬ 
metically  sealed,  aircraft  type 
relays  is  one  of  the  most  impor¬ 
tant  factors  in  their  proven  high 
reliability. 

Though  absolute  reliability  of 
any  similar  device  is  impossible 
to  guarantee — a  bitter  fact  of  life 
recognized  by  all  electronic  engi¬ 
neers — close  approach  to  this  goal 
by  the  relays  manufactured  by 


The  Hart  Manufacturing  Com¬ 
pany  is  the  basic  reason  they  are 
found  today  on  many  of  this 
country’s  headline-making 
missiles. 

In  addition  to  contact  force 
far  beyond  that  found  on  other 
relays,  “Diamond  H”  relays  have 
greater  contact  cleanliness.  Self¬ 
contamination  is  virtually  elimi¬ 
nated  by  a  completely  inorganic 
switch  mechanism,  as  well  as  use 
of  coil  materials  which  will  not 
dust,  flake  or  out-gas. 

Finally,  the  high  degree  of  re¬ 
liability  that  is  designed  into 
these  relays  is  maintained  in  their 
manufacture  by  high  quality 
workmanship  and  a  stringent  in¬ 
spection  policy  at  every  stage. 

In  addition  to  missiles,  and 
their  ground  control  systems. 
Series  R  and  S  relays  are  designed 
for  use  in  jet  engine  controls, 
computers,  fire  control,  radar 
and  similar  critical  applications. 

4PDT  units,  they  offer  an  ex¬ 
tremely  broad  range  of  perform¬ 
ance  characteristics,  including 
temperature  ranges  from  — 65“ 
C.  to  125“  and  200“  C.;  ratings 
to  10  A.,  120  V.,  A.  C.,  and  26H 
V.,  D.  C.,  with  special  ratings  to 
400  ma.  at  350  V.,  D.  C.,  or  down 
to  millivolts  and  milliamperes. 
Dry  and  wet  circuits  may  be 
safely  intermixed. 

For  more  information,  write 
today  for  Bulletins  R250  and 
S260.  For  quick  facts  about 
“Diamond  H”  switches,  ther¬ 
mostats  and  other  devices,  ask 
also  for  a  copy  of  the  *  ‘Diamond 
H”  Check  List  of  Reliable 
Controls. 


Regulated  Supply 
for  transistor  circuitry 

Dressen-Barnes  CoRP.,  250  North 
Vinedo  Ave.,  Pasadena,  Calif.,  has 
announced  a  closely  regulated  d-c 
power  supply  designed  for  use  in 
transistor  research  and  dexelop- 
ment,  in  transistor  testing,  and 
original  equipment.  The  unit  meets 
recently-arisen  industry'  demands 
for  heavier-current  output,  low 
ripple  and  low  draft  in  a  power  sup- 


Output  is  0  to  60  V  d-c,  con¬ 
tinuously  variable,  at  300  ma 
maximum.  No  derating  of  output 
current,  or  of  regulation  and  ripple 
specifications,  is  necessarv'  from  1 
to  60  V  d-c. 

Regulation  for  60  v/300  ma  load 
is  20  mv  change,  no  load  to  full 
load.  For  line  voltage  change  of 
105  to  125  V  a-c  (at  60  v7300  ma 
output),  regulation  is  20  mv  change 


XT  A  TTrwi  manufacturing 

XjL X  COMPANY 

202  Bartholomew  Ave.,  Hartford  1,  Conn. 
Phone  JAckson  5-3491 
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MODEL  107A 
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For  saturating  Alnico  magnets  weighing  up  to  34  lbs. 
and  high  flux  ceramic  magnets  of  any  shape  or  pole 
configuration.  Operates  on  condenser  discharge  prin¬ 
ciple  from  regular  1 15- volt,  60-cycle  line. 

Charging  outputs  from  100,000  to  200,000  ampere- 
turns  throu^  plug-in  transformers,  up  to  3600  watt- 
seconds  using  wire-wound  fixtures.  Adapters  for 
multi-pole  rotors,  rod,  bar,  ring  and  various  other 
shapes  available.  Designed  for  continuous  produc¬ 
tion  use  with  low  power  consumption.  Price  of  basic 
unit  is  less  than  $2100. 

^inMIHUIIinMUilillllllllllHW 


A  basic  condenser  discharge  unit  for  most  medium 
size  magnets,  the  Model  107 A  provides  ranges  of 
12,000  and  24,000  ampere-tums.  It  is  capable  of 
saturating  most  instrument  magnets,  including  the 
new  core  type  mechanisms,  using  adapters  or 
wire-wound  fixtures.  Designed  for  continuous 
duty.  Operates  from  115-volt,  60-cycle  line. 
Price  $530. 
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MODEL  1221 


aiu.l«rt.d 
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A  low  cost,  condenser  discharge  unit  employ¬ 
ing  novel,  plug-in  wire-wound  type  charging 
fixtures,  the  Model  1221  is  designed  for  the 
user  of  small  magnets.  Its  10,000  ampere-turn 
output  will  saturate  about  2"  of  Alnico  V. 
Charging  cycle  rate  is  approximately  3  sec¬ 
onds,  continuous  duty,  operates  from  115-volt 
line.  Price  $180. 

Performance  of  all  models  is  rigidly  guaran¬ 
teed.  Prices  are  net  f.oJt.  Boonton,  NJ.  and 
subject  to  change  without  natka. 


Kadio  JmueHcy 
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in  output  \oUage.  Ripple  and  in¬ 
ternal  noise  are  below  1.5  mv  nns. 
The  unit  is  designed  for  very-  low 
output  imjjedance  and  fast  reco\  cry 
time.  One-percent  meters  are  pro¬ 
vided. 

Designated  as  model  .6-300B,  the 
instrument  is  built  to  fit  in  a 
standard  19  in.  relay  rack.  Circle 
288  on  Reader  Service  Card. 


Mica  Capacitors 
low  price  units 

General  Radio  Co.,  275  Massa¬ 
chusetts  Ave.,  Cambridge  39,  Mass. 
Typ>e  505  mica  capacitors  are 
adjusted  to  ±0.5  percent  and  are 
packaged  in  a  less-expensi\e  case 
than  the  company’s  standard  capaci¬ 
tors.  I'hey  are  available  in  a  1-2-5 
series  extending  from  100  fifit  to 
0.5  /if.  Dissipation  factor  for  the 
l,000-/i/i.f  and  higher  sizes  does  not 
exceed  0.0003.  Capacitors  are 
housed  in  low-loss  molded-phcnolic 
cases  and  arc  equipped  with  both 
screw-  and  lug-type  terminals  and 
mounting  flanges.  Circle  289  on 
Reader  Service  Card. 


Voltage  Regulator 
magnetic  amplifier  type 

Perkin  Engineering  Core.,  345 
Kansas  St.,  El  Segundo,  Calif. 
Model  MIR-3000  is  a  magnetic 
amplifier  regulated  3  kva  tubeless 
a-c  line  voltage  regulator.  It  con- 
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tains  no  moving  parts  or  vibrating 
contacts,  and  regulates  the  rms 
\alue.  Input  voltage  range  over 
which  the  unit  operates  within  spe¬ 
cifications  is  95-135  v,  and  the 
output  ^’oltage  is  115  v  nominal 
adjustable  from  110-120  v. 

Regulation  accuracy  is  0.50 
percent  for  any  combination  of  line 
and  load  changes  and  the  frequency 
range  is  60  cps  ±  1 0  percent.  Wave 
form  distortion  is  3  percent  maxi¬ 
mum,  and  power  factor  range  is 
0.7  lagging  to  0.9  leading.  Maxi¬ 
mum  load  is  3.0  leva  and  response 
time  is  0.1  to  0.2  sec.  The  unit, 
representing  the  ultimate  in  re¬ 
liability,  is  ideally  suited  for  lab¬ 
oratory  and  production  testing,  and 
is  especially  designed  for  remote 
unattended  installations.  Circle  290 
on  Reader  Service  Card. 
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Potentiometer 
dynamic  balance  design 

Chicago  Aerial  Industries,  Inc., 
1980  Hawthorne  Ave.,  Melrose 
Park,  Ill.  The  1000  scries  pots  in¬ 
corporate  dynamic  balance  which 
enables  mechanical  pierformancc  to 
match  electronic  precision.  Stand¬ 
ard  linearity  is  0.1  prercent,  0.2 
p>ercent  for  miniatures. 

The  concept  of  dynamic  balance 
centers  around  the  contact.  TTie 
arm  is  rigidly  clampred  and  dynam¬ 
ically  balanced  with  respect  to  the 
shaft.  The  small,  light  and  rigid 
contact  assembly  is  mounted  in 
jeweled  pivot  and  is  dynamically 
balanced  with  respject  to  the  arm. 
Because  of  dynamic  balance  only 
ver\'  light  spring  pressure  is  needed 
to  assure  constant  contact  with  the 
winding  even  under  the  most  se^•ere 
environmental  conditions. 

Performance-wise  the  1000  series 


Cen^ab/ 

B.5810  ^ 


A  DIVISION  OF  GLOBE-UNION.  INC 
9I4B  E.  KEEFE  AVE.  •  MILWAUKEE  I,  WIS. 
Ill  Cana®:  IB4  Ml.  Plaosont  M.  •  Tartolo,  Ontoria 


VARIABLE  RESISTORS 
CERAMIC  CArAOTORS 


PACKAGED  ELECTRONIC  CIRCUITS  •  ELECTRONIC  SWITCHES 
ENGINEERED  CERAMICS  •  •  SEMI-CONDUCTOR  PRODUCTS 


As  you  know,  the  rating  and  size  of  a  variable 
resistor  depends  upon  the  speed  with  which 
heat  can  be  transferred  from  the  resistance  ele¬ 
ment  to  the  atmosphere.  Centralab  "thermo¬ 
pass”  insulation  combines  exceptional  heat 
transfer  with  a  dielectric  strength  of  4500  volts 
per  mil  at  25°  C.  Result:  Model  4  Radiohm,  a 
conservatively  rated  5  watt  wirewound  variable 
resistor  smaller  than  a  conventional  2  watt  unit. 

•  Only  1^*  diameter  by  Jis'  deep. 

•  Resistance  range,  1  ohm  to  15K  ohms; 
linear  taper. 

•  295°  rotation,  stop  strength  15  inch 
pounds. 

•  Minimum  life,  25,000  complete  cycles. 

•  Totally  enclosed  elements. 


For  detailed  information  write  for  Centralab 
Engineering  Bulletin  EP-493  or  contact  your 
Centralab  sales  representative.  Ask  your  local 
distributor  about  the  many  values  he  carries  in 
stock  in  the  WW  and  WN  series  (listed  in 
Catalog  30). 


ACTUAL  SIZE 


Tk0  LARGEST  SelecfiM  of  the  SMALLEST 

ELECTROLYTICS 

is  available  from  AEROVOX! 

...and  only  from  Aerovox  can  you  choose  from  the  widest 
selection  of  case  styles  and  constructions  in  a  complete  range 
of  low-voltage  values.  For  small  space  applications...  for 
transistorized  assemblies... ALL  your  requirements  for 
miniature  electrolytic  capacitors  are  available  from  Aerovox. 


TYPES  TNE  ft  TNED 

Preferred  type  subminiatur^electrolytics  where 
cost,  small  size  and  long  operating  life  are  of 
prime  importance  in  transistor  assemblies,  these 
tiny,  low-impedance,  low  power  factor  units  are 
furnished  in  film-lined  glossy  tubes  with  plastic 
end  seals.  Available  in  standard  voltage  ratings  of 
3  to  50  vdc  with  operating  temperature  range  of 
— 30*C  to  -f  65*C.  Leads  are  firmly  imbedded  in 
plastic  end  seal  and  will  not  pull  out  or  work 
loose  under  the  most  severe  operating  conditions: 
Color  coded  end-fill  and  case  marking  denotes 
positive  terminal. 


TYPES  SRE.  SREN.  AND  SRED 

Improved  electrolytics  especially  suitable  for 
cathode  bypass  applications,  screen  circuit  filters 
and  transistorized  assemblies.  Units  tightly  sealed 
in  tubular  aluminum  cases  available  with  external 
wax-impregnated  cardboard  insulating  tube. 
Exclusive  end-seal  provides  greater  creepage 
distance  and  assures  positive  electrical  and 
mechanical  contact.  Standard  dc  voltage  ratings 
from  3  to  150  volts.  Operating  temperatures 
from  0*C  to  85*C. 


TYPE  XPP 

Miniature,  hermetically-sealed,  metal-cased  tubular 
aluminum  units  designed  specifically  for  maximum 
life  where  size  and  weight  must  be  kept  to  a 
minimum.  Exceptional  shelf-life  characteristics. 
Standard  voltage  ratings  of  1  to  5  vdc  and  standard 
temperature  range  from  — 20*C  to  +65*C. 
Available  with  axial  leads  only. 


TYPE  PWE 

Miniature  electrolytics  encased  in  dense  steatite 
tubes  with  special  plastic  end  fill.  Offering  high 
capacitance  at  low  voltages,  these  units  are  capable 
of  handling  full-size  loads  in  industrial  applications. 
Standard  voltages  from  1  to  50  vdc  and  standard 
operating  temperatures  from  — 20*C  to  -f  50’C. 

For  detailed  technical  information  write... 


NEW  BEDFORD,  AAASS. 
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for  tape  erasure 
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From  ANY  point 


St,  Burbank,  Calif.,  is  marketing 
its  No.  920  5-A  commercial  tank- 
tvpe  degausser  for  erasing  program 
material  and  residual  noise  from 
magnetic  tape  and  film.  In  two 
powerful  magnetic  fields  it  de¬ 
gausses  up  to  5,400  ft  of  i  in.  tape 
and  1,000  ft  of  55  mm  film. 

The  degausser  was  designed 
especially  for  industrial  use  with 
heavy  duty  double  fuse  and  double 
pole  switch.  The  copper  and  iron 
used  in  the  demagnetizing  coils  are 
engineered  for  hea\y  industrial 
usage.  Unit  is  equipped  with  rub¬ 
ber  feet  for  bench  use  and  operates 
from  standard  1 1 5  v,  60  cycle  power 
source. 

Model  920i5-A  has  black  phenolic 
top  with  locating  spindle;  degaus¬ 
sing  being  accomplished  by  rotating 
reels  by  hand  on  top  of  surface  of 
unit. 

Besides  the  degausser  the  factory 
also  produces  a  magnetic  erasing 
pencil,  type  8905,  for  use  when  a 
relatise  limited  area  of  magnetic 
tape  or  film  must  be  erased.  Circle 
293  on  Reader  Service  Card. 


for  timing  devices 


If  you*re  looking  for  a  complete  product  line  that  includes 
Timing  Devices  for  every  application  requirement  and, 
in  addition,  features  the  highest  quality  and  most 
advanced  design  at  the  lowest  possible  cost,  HAY DON 
has  it!  And  all  Haydon  timing  devices  incorporate  the 
famous  Haydon  hysteresis  and/or  inductor  timing  motors 
available  for  50,  60,  and  400  c^le  and  DC  power  supplies. 

If  you're  looking  for  a  complete  service  to  meet  all  your 
timing  needs,  HAYDON  offers  fully  integrated  engineering 
and  manufacturing  facilities  ready  to  take  your  timing 
projects  right  through  from  design  and  development 
to  finished  product! 

And  if  you're  looking  for  a  complete  Field  Engineering 
Service  to  make  all  these  facilities  conveniently  available, 
you'll  find  there's  a  HAYDON  Timing  Specialist  in 
your  area,  a  man  fully  qualified  by  training  and  experience 
to  help  fill  your  Timing  Device  needs.  Why  not  phone  him 
today  and  moke  an  appointment  to  discuss  your  requirements? 


Transistor  Amplifier 
wide  band,  low  noise 

Electro-Voice  Inx.,  Buchanan, 
Mich.,  announces  the  model  6000 
Dec-Amp.  Four  selected  transistors 
in  a  highly  stable  circuit,  together 
with  precision  components,  result 
in  an  instrument  exhibiting  excep¬ 
tionally  low  inherent  noise.  Ampli¬ 
fication  accuracy  is  unaffected  by 
normal  battery  soltage  reduction  or 
changes  in  ambient  temperature. 
Ibc  Dec-Amp  is  powered  by  a  self- 
contained  mercurv  battery  w’hich 
permits  a  small,  neat  portable  de¬ 
sign.  It  has  numerous  applications 
in  laboratory,  field  or  production. 

Available  gain  is  either  XIO  or 


^Trcxftmorl:  Rt9.  U.S.  PotMt 


A  SUBSIDIAkY  Of  GBNBItAL  TIMB  CORPORATION 


HAYDON  Manufacturing  Company,  Inc. 

2426  EIM  street,  TORRINGTON,  CONN. 
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MARCONI 

FM/AM  SIGNAL  GENERATOR 


Model 

995AI2 

for  both 
r.f.  and  i.f. 

testing 
with  C.W., 

f.m.,  a.m.,  or 
simultaneous 
f.m.  and  a.m. 


The  MARCONI  Signal  Generator  Model 
99SA/2  is  an  accurate  and  dependable 
instrument  of  broadest  applicability.  It 
covers  from  l.S  to  220  Me  in  five  bands 
and  there  are  facilities  for  crystal  standard¬ 
ization  from  13. S  Me  upwards.  A  precision 
slow-motion  mechanism  is  employed  for 
the  main  tuning  drive  and,  for  making 
bandwidth  measurements,  there  is  a  separate 
directly-calibrated  incremental  control. 

The  open-circuit  output  level  is  variable,  in 
1-dB  steps,  from  a  minimum  of  0.1  micro¬ 
volt  to  a  maximum  of  100  millivolts  at 
52  ohms  and  200  millivolts  at  75  ohms. 
The  output  may  be  continuous  wave, 
frequency  modulated,  amplitude  modu¬ 
lated,  or  simultaneously  both  frequency 
and  amplitude  modulated.  The  modulation, 
obtained  either  from  an  internal  1000-cps 
oscillator  or  from  an  external  source,  is 
variable  to  maximum  frequency  deviations 
ranging  from  25  to  600  kc  for  f.m.,  and  to 
depths  up  to  50%  for  a.m.  Send  for  leaflet 
B/115B  for  full  details. 


m 


IfOi  J.w.'fet  M 


MARCONI 

INSTRUMENTS 


III  CEDAR  LANE 
ENGLEWOOD 
NEW  JERSEY 

Teltphone: 

LOwell  7-C607 


Tens 


XI 00  from  10  qjs  to  1  me  ±0.2 
db.  Input  impedance  is  50,000 
ohms  shunted  by  8  nfii,  and  output 
impedance  is  150  ohms.  Maxi¬ 
mum  noise  referred  to  the  input 
for  a  1  me  bandwidth  is  50  /iv. 
Maximum  output  at  less  than  0.5 
percent  total  harmonic  distortion  is 
1.0  V,  rms;  battery  life,  300-500 
hours.  Overall  size  is  31  high  by 
2i  wide  by  5i  deep.  Circle  294  on 
Reader  Service  Card. 


Power  Generator 
ultrasonic  type 

Communication  Measurements 
Laboratory,  Inc.,  350  Lcland 
Ave.,  Plainfield,  N.  J.  Model 
1432-U  ultrasonic  power  generator 
is  of  500  va  capacity'.  It  is  one  of  a 
group  of  generators  in  the  ultrasonic 
field  which  cover  a  power  output 
range  of  from  25  va  to  2  kva. 

All  units  in  this  line  can  be 
supplied  to  cover  discrete  portions 
of  the  5  to  50  kc  range  with  a 
frequency  spread  ratio  of  3.6  to  1. 
Common  ranges  are  10  to  36  kc  or 
1 5  to  50  kc.  Output  \oltage  regula¬ 
tion  is  normally  within  10  percent 
from  full  load  to  no  load,  however 
3  percent  regulation  can  be  supplied 
on  order.  Harmonic  content  of 
the  waveform  is  low. 

Various  output  imjjedance  ranges 
are  available.  Circle  295  on 
Reader  Service  Card. 


Carrier  Equipment 
five  extra  channels 

Budelman  Radio  Core.,  375  Fair- 
field  Ave.,  Stamford,  Conn.,  is 
producing  their  latest  improved 
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telephone  canier  current  equip¬ 
ment,  type  1 6B.  Designed  specific¬ 
ally  to  provide  a  low-cost  rural  tele¬ 
phone  carrier  expansion  of  five 
additional  channels  (50  new  sub¬ 
scribers  to  an  existing  wire  pair), 
the  type  16B  utilizes  thoroughly 
tested  double  sideband  a-m  circuits. 
A  complete  channel  (10  new  sub¬ 
scribers)  can  be  installed  in  as  little 
as  four  hours  on  a  “connect”  and 
“operate”  basis. 

A  complete  channel  of  carrier 
consisting  of  both  terminals  (cen¬ 
tral  office  and  subscriber)  together 
with  essential  accessories,  in  many 
cases  costs  less  than  poles,  wires, 
labor  and  supplies  for  open  wire  line 
construction.  Without  accessories, 
a  complete  type  16B  channel  with 
selective  ringing  costs  only  $735. 
Circle  296  on  Reader  Service  Card. 


In  high  voltage  rectifiers  for  military  and  commercial 
applications,  the  material  used  for  housings  and 
insulating  tubes  is  of  critical  importance.  Latest 
military  specifications  are  calling  for  prolonged  volt¬ 
age  surges,  higher  temperatures,  severe  humidity 
plus  other  rigid  requirements.  Add  to  these  the 
necessity  for  high  strength,  light  weight  and  close 
mechanical  tolerances— the  result  is  a  difficult  prob¬ 
lem  in  material  selection. 

Leading  rectifier  manufacturers  are  solving  this 
problem  with  Lamtex  TUFF-TUBE,  a  high  quality 
fiberglass-epoxy  laminated  tubing.  Lamtex's  exclu¬ 
sive  impregnation  and  curing  process,  together  with 
strict  quality  control,  seals  in  properties  that  are 
unmatched  for  electronic  component  applications. 


Carrier  System 
features  portability 

Northam  Electronics,  Inc., 
2420  North  Lake  Ave.,  Altadena, 
Calif.,  has  developed  a  new  single¬ 
channel  portable  3  kc  carrier  svs- 
tem,  model  PCS-1,  designed  for  use 
with  variable  reluctance  transduc¬ 
ers.  Weighing  only  10  lb  the 
PCS-1  includes  a  3  kc  oscillator  to 
excite  the  transducer  coils,  a  full 
wa\e  transistor  switch  demodula¬ 
tor  and  a  panel  meter  to  indicate 
transducer  output. 

An  auxiliary  is  the  model  F-1 
filter,  which  may  be  plugged  into 
the  basic  carrier  unit  to  provide  a 
suitably  filtered  output  for  driving 
such  readout  instruments  as  oscil¬ 
loscopes,  oscillograph,  strip>-chart 
and  pen  recorders.  There  is  an 
additional  output  jack  available  to 
permit  operation  of  a  remote  meter 
as  another  alternative  readout. 

Specifications  of  the  PCS-1  call 
for  a  regulated  excitation  voltage 
from  the  oscillator  of  10  v  rms  at 


A  typical  material  formerly  used  for  this  application  was  glass- 
melamine  G5.  Direct  cost  comparison  proved  Lamtex  TUFF-TUBE 
more  economical,  up  to  16%  savings  in  some  cases. 


Electronic  design  engineers  are  using  TUFF-TUBE  for  waveguides,  coil  forms, 
spacers,  component  jackets,  antenna  housings,  brush  holders,  tuning  coils,  motor 
insulation,  commutator  and  printed  circuit  forms,  and  many  other  applications 
that  require  any  or  all  of  these  characteristics: 

INSUUTION  RESISTANCE  HI6H  TEMPERATURES  THIN  WALLS,  FROM  .008" 

DIELECTRIC  STRENGTH  LIGHT  WEIGHT  SMAU  DIAMETERS,  FROM  .062" 

HUMIDITY-PROOF  HIGH  STRENGTH  DIMENSIONAL  STABILITY 

AVAIIABU  IN  ALMOST  ANY  CROSS  SECTION  SHAPE 
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the  wire  problem? 

CONTINENTAL 

insvlated  electronic  wire 


lograph  galvanometer.  Circle  297 
on  Reader  Service  Card. 


Microwave  Hybrid 
for  kmc  band 

Microwave  Associates,  Inc., 
Burlington,  Mass.  The  MA-606  rat 
race  microwave  hybrid  for  use  in 
the  68-73  kmc  band  has  an  isolation 
in  excess  of  20  db  over  the  specified 
bandwidth;  The  rat  race  is  a  pre¬ 
cision  power  divider  useful  in  micro- 
wave  systems  wherever  exact  p>o\ver 
division  with  negligible  cross  talk 
is  required.  When  used  in  con¬ 
junction  with  two  mixer  crystals, 
such  as  the  MA-412,  the  assembly 
will  perform  as  a  balanced  mixer. 

MA-606  has  a  vswr  of  1.25  max¬ 
imum;  isolation,  20  db  minimum; 
balance,  i  db.  Mating  surfaces  of 
the  MA-606  connect  with  flange 
tyjje  UG-385/U  used  with  RG- 
98/U  waveguide.  Circle  298  on 
Reader  Service  Card. 


WIRE  CORPORATION 

WAUINGFORD,  CONNECTICUT  •  YORK,  PENNSYLVANIA 


ELECTRONIC  INSTRUMENT  INSULATED  WIRE 
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No  door  is  closed  to  the  company  that  specifies  Continental 
insulated  wire  or  cable.  That  extra  tough  problem  requiring 
seemingly  impossible  performance  of  wire  may  have  you  ask¬ 
ing  "What  wire?”  Why  not  let  Continental's  engineering  help? 
There’s  a  wide  range  of  wires  developed  for  special  applica¬ 
tions  at  Continental  everyday. 

Maybe  the  answer  that  you’ve  been  after  is  even  now  a  stand- 
.  ard  in  the  Continental  line.  It’s  worth  a  letter  or  call  today. 


600-3000  volt  service.  Sizes:  32  AWG  to  6  AWG  inclusive. 
CONSTRUCTION:  stranded  tinned  copper,  polyvinyl  insulation 
with  or  without  nylon  jacket.  Maximum  operating  tempera¬ 
ture:  lOO'C. 

CONFORMS  TO:  MIL-W-16878B 

COLOR  CODED:  1,  2,  or  3  spiral  stripes  over  polyvinyl 
insulation. 


Dual  Power  Supply 
for  transistor  use 


.<0HvsaTCa 


lilted  d-c  power  supply  for  use  in 
transistor  circuits.  It  is  equipped 
with  two  outputs,  each  0  to  60  v  d-c 
continuously  variable  at  300  ma 
maximum.  Both  outputs  are  elec¬ 
trically  separated,  and  both  float 
above  ground— hence  either  output 
can  be  used  as  a  positive  or  a  nega¬ 
tive  supply,  or  the  two  can  be  con¬ 
nected  in  series. 

No  derating  of  output  current  or 
of  regulation  and  ripple  spiecifica- 
tions  is  necessary  from  1  to  60  v  d-c. 
Regulation  for  60  v/300  ma  load  is 
20  mv  change,  no  load  to  full  load. 
For  line  voltage  changes  of  105  to 
125  v  a-c  (at  60  v/300  ma  outputs), 
regulation  is  20  mv  change  in  out¬ 
put  voltage.  Ripple  and  internal 
noise  are  below  1.5  mv  rms.  Unit  is 
designed  for  ver\'  low  output  im¬ 
pedance  and  fast  recovery  time.  One 
percent  meters  are  pro\  ided.  Circle 
299  on  Reader  Service  Card. 


Twelve-and-a-half  microvolt  resolution  at  20  readings  per 
second!  That’s  the  outstanding  feature  of  the  analogue-to- 
digital  converter,  developed  by  Non-Linear  Systems,  Inc., 
Del  Mar,  California,  to  “digitalize”  the  output  of  low  voltage 
transducers  in  either  ground  or  airborne  service. 

It’s  significant  that  Non-Linear  Systems  engineers  selected 
fourteen  miniature  Bristol  Syncroverter*  high  speed  relays 
(inset,  top)  for  use  in  the  convei-ter  scanning  circuits.  For 
the  Syncroverter  was  originally  designed  for  use  in  our  own 
Bristol  instruments  in  extremely  critical,  low-level,  dry- 
circuit  applications.  Its  rugged  non-resonant  construction 
has  earned  it  an  enviable  reputation  for  reliability,  long  life, 
and  immunity  to  shock  and  vibration. 

Write  for  complete  data.  Characteristics  below  are  typi¬ 
cal.  The  Bristol  Company,  152  Bristol  Road,  Waterbury  20, 
Connecticut.  ®  ^ 

*r.M.  Reg.  V.S.  Pat.  0§. 


Anti  repeat  Control 
with  no  moving  parts 

Clark  Controller  Co.,  Cleve¬ 
land,  Ohio,  has  announeed  an  anti- 
rep>eat  press  eontrol  with  no  mov¬ 
ing  jjarts,  for  use  with  its  typ>e  PV 
proteetor  air  vahe.  Instead  of  re¬ 
lays,  the  deviee  utilizes  magiietie 
amplifiers,  diodes,  a  transistor  and 
a  pulse  transformer.  Therefore,  it 
has  no  moving  parts  for  inspection 
and  maintenance,  and  is  not  sub¬ 
ject  to  wear,  corrosion,  and  dust  in¬ 
terference. 

The  new  unit  provides  all  the 
safety  performance  of  the  com¬ 
pany’s  antirepeat  control  using  re¬ 
lays.  It  has  external  connections 
essentially  like  those  of  con\en- 
tional  controls,  and  operates  on 
115-v  a-c  power.  It  receives  input 


TYPICAL  CHARACTERISTICS 

Bristol’s  Syncroverter  High-Speed  Reley  SPOT  or  DPDT  (covered  by  patents) 

Temperature  range:  —  55*CtolOO*C 

Operating  shock :  30G;  11  milliseconds  duration 

Vibration:  10-55  cps  (see  below,  mounting);  lOG 
Contact  ratings:  Up  to  35V,  45  microamperes 
Stray  contact  capacitance:  Less  than  15  mmf. 


As  low  as  200  microseconds 

3(X>  microsecorrds 

Over  a  billion  operations  under 

dry-circuit  conditions 

Octal  tube  socket:  others 

available,  including  types  for 

vibration  to  2000  cps 


Mounting; 


FINE  PRECISION  INSTRUMENTS 
FOR  OVER  68  YEARS 


BRISTOL 
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signals  from  the  press  “run”, 
“stop”,  and  “inch”  buttons  and  the 
press  limit  switches,  and  delivers 
its  output  to  the  magnet  of  the 
type  PV  air  xalve. 

Essentially  a  safety  de\ice  inter¬ 
posed  betw'een  the  operators’  con¬ 
trol  buttons  and  the  press,  the 
Transmag  antirepeat  control  pre¬ 
vents  operation  of  the  press  unless 
safe  conditions  exist.  Circle  300  on 
Reader  Service  Card. 


LINE  STRETCHERS 


AUTOMATIC 

IMPEDANCE 

PLOTTERS 


RF  TRANSFORMERS 


HYBRIDGES 


SLOTTED  LINES 


Motor-Generator  Set 
vertical  type 


Kato  Engineering  Co.,  1415  First 
Ave.,  Mankato,  Minn.  This  verti¬ 
cal  type  motor-generator  set  has  an 
input  frequency  of  60  cps  and  an 
output  frequency  of  360  cps.  It 
was  dcseloped  for  use  with  control 
equipment.  The  higher  frequency, 
when  placed  on  normal  60  cycle 
lines,  will  interrupt  frequency 
selective  circuits,  enabling  power 
equipment  to  be  turned  on  or  off 
remotely 

I'his  machine  operates  at  1,800 
rpm.  The  motor  and  generator  are 
on  a  common  shaft.  Ibe  single 
phase  output  of  this  360  cycle  unit 
is  500  w.  Circle  301  on  Reader 
Service  Card. 


CALIBRATED  RF  ATTENUATORS 


PRECISION 

TAPERED 

REDUCERS 


COAXIAL 

SWITCHES 


DIPLEXERS 


Sound  Spectrograph 
provides  record  analyses 

Kay  Electric  Co.,  Maple  Ave., 
Pine  Brook,  N.  J.  .  The  Sona- 
Graph  model  recorder  is  a  new 
sound  spectrograph  that  makes  a 
permanent,  storable  aural  record  in 
addition  to  three  visual  analyses 
of  any  audio  vibrations  in  the 


TV  BROADCAST 
ANTENNAS  FOR 
VHF  AND  UHF 


ANTENNAS 


ANTENNA  SYSTEMS  -  COMPONENTS  -  AIR  NAVIGATION  AIDS -INSTRUMENTS 
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85-12,000  cps  range.  The  display 
graphs  are  made  in  two  switched 
bands,  the  first  from  85  cps  to  6 
kc,  and  the  second  from  6  kc  to 
12  kc.  An  added  feature  is  that 
with  only  slight  loss  in  output  and 
amplitude  the  Sona-Graph  can  be 
adapted  to  study  such  subsonic 
vibrations  as  heart  and  brain  wa^•es. 

1  he  recording  medium  is  a  flcxi- 
able  magnetic  disk  12  in.  in  diam¬ 
eter  and  approximately  3  mils 
thick.  It  can  be  removed  and  filed 
with  the  \  isual  analyses,  or  it  can  be 
reused  as  often  as  desired.  The 
three  permanent  graphs  are  4  in. 
bv  12  in.  on  51  in.  by  12|  in. 
facsimile  paper.  Circle  302  on 
Reader  Service  Card. 


RATINGS:  GOVA  50VA  100V A 
Higher  ratings  available. 

Ai^UCATIONi 

for  gyre  wheel  supplies  and  where 
precise  400  cycle  voltages  are  re¬ 
quired  in  aircraft,  radar  and  missile 
computers. 

FEATURES: 

PRiCISION  OUTPUT  fREQUSNCY 
KUGGiD 

EXCeUiNT  WAVEFORM 
SIMPLICITY  Of  CIRCUITRY 
FAST  STARTING  TIME 
GOOD  VOLTAGE  REGULATION 
throughout  an  adjustable  range 
ISOLATED  CASE  DESIGN 
HIGH  RELIABILITY 
VIBRATION  ISOLATED 
COMPACT 
UGHTWEIGHT 
MILITARY  SPECIFICATIONS 

{Send  for  Bviiotiii  S-S64) 


Aircr.\ft  Radio  Corp.,  Boonton, 
N.  J.  Model  210  vhf  communica¬ 
tions  system  weighs  only  22  lb.  It 
pro\ides  a  frequency  coverage  of 
118  to  135.95  me  on  360  channels 
and  is  suitable  for  both  military 
and  commercial  aircraft.  Included 
in  the  total  weight  arc  the  trans- 
cei\er  (illustrated),  mountings,  con¬ 
trol  panel  and  power  supply.  The 
unit  has  true  50-kc  channel  spac¬ 
ing.  a  1  5-w  transmitter  with  a  very 
low,  spurious  output  and  a  receiv  er 
sensitivity  of  2  fiv. 

By  turning  a  switcli  on  the  con¬ 
trol  panel,  the  system  can  be  op¬ 
erated  either  as  a  single-channel 
simplex  or  double-channel  simplex 
with  6-mc  operation. 

The  system  is  powered  by  a  dy  na- 
motor  designed  to  give  maximum 
dependability  with  the  least  pos¬ 
sible  weight.  An  advanced  tyjx:  of 
center-of -gravity  mount  reduces  vi- 


nsv  *(  (MjwnWt  *  10%) 


ourruT  voiT*(E 


OUTPUT  FIEQUENCY 


^1%  Far  Lint  Vtri«li«in  -  F«r 


VOITHC  tE^UUTlON 


MAONSne  AMPLIFISItS  INC. 

anm  2mio 


at  TMTON  AVINUE  •  NEW  YORK  S5,  N.  Y.  • 

Wist  CoQSt  OhrisiM 
134  WAStINOTON  ST.  •  El  SEGUNOO,  CAL  •  OREGON  8-244S 
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SIS  40311 
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15%  (PS 
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Electrical 


alumina 

ceramics 


for  electronic  applications 


PORCELAIN  COMPANY 


FRENCHTOWN,  NEW  JERSEY 


by  R.  George  Roesch 


Automatic  Wire  Processing 
with  Standard  Equipment 

when  standard  equipment  can  be  incorporated 
into  a  system  for  automatically  stripping,  fluxing 
and  tinning  coil  leads,  the  cost  of  such  equipment 
is  invariably  much  less  than  that  of  special  equip* 
ment. 

The  benefits  of  mechanizing  any  operation  are 
(1)  uniform  quality,  (2)  fewer  rejects  and  (3) 
lower  inspection  costs. 


Now  you  can  apply  the 
unique  properties  of  alu¬ 
mina  ceramics  to  special 
electronic  projects: 

e  Low  dielectric  losses  at  all  mi¬ 
crowave  frequencies. 

e  Extremely  high  mechanical 
strength  in  conjunction  with 
thermal  stability  and  chemical 
inertness. 

e  Can  be  metallized  and  hermeti¬ 
cally  sealed  to  various  metals  by 
high  temperature  brazing. 

Frenchtown  alumina  cer¬ 
amics  are  produced  in  a 
variety  of  sizes  and 
geometries,  either  in  pro¬ 
totype  or  production 
quantities.  Dense  shapes 
of  over  200  cubic  inches 
have  been  manufactured. 

To  engineers  and  scien-- 
tists  who  wish  to  learn 
more  about  the  capabili¬ 
ties  and  limitations  of 
alumina  ceramics,  French¬ 
town  welcomes  the  op¬ 
portunity  to  assist  in  the 
selection  and  proper  utili¬ 
zation  of  these  amazing 
materials.  This  assistance 
is  directed  toward  obtain¬ 
ing  optimum  performance, 
simplifying  complexity, 
reducing  cost  and  expedit¬ 
ing  delivery. 

Technical  literature 
will  be  sent  upon  request. 


Motor  Controller 
operates  %  h-p  unit 

Gerald  K.  Heller  Co.,  1819  In¬ 
dustrial  Road,  Las  Vegas,  Nevada, 
rhe  C60  electronic  motor  control¬ 
ler  operates  a  i  h-p  shunt  wound 
motor  on  220-230  v,  50-60  cycles 
single  phase.  Motor  speed  from 
0-2,400  rpm,  with  full  torque  from 
300  to  2,400  rpm.  Controller  em¬ 
bodies  acceleration  control,  re\erse, 
coarse  and  fine  speed  adjustment. 
It  is  mounted  in  a  steel  cabinet  14 
in.  wide  by  16  in.  high  by  6  in. 
deep.  The  control  station  com¬ 
ponents  are  mounted  in  a  steel  box 
2  in.  by  2  in.  bv  9  in.,  which  is 
connected  to  the  controller  with  a 
special  10  conductor  vinyl  jacketed 
cable  10  ft  long. 

Controller  price  is  S275;  I  h-p 
motor  SI 2 5.  Circle  304  on  Reader 
Service  Card. 


For  example,  using  a  standard  wire  stripper 
such  as  illustrated,  we  have  made  autamatic  call 
lead  straightening,  trimming  and  stripping  equip¬ 
ment  for  Electric  Auto-Lite,  Ford  Motor,  General 
Electric,  Westinghouse  and  others.  (Note:  Each 
system  was  designed  and  built  to  meet  the  indi¬ 
vidual  requirements  af  the  user.) 


A  COMPLETE  PROGRAM  generally 
works  out  like  this: 


1.  Yaur  Products  and  Your  Present  Methods  are 
studied  by  aur  engineers,  without  obligation 
to  you. 

2.  When  we  are  certain  we  completely  under¬ 
stand  your  needs  and  wishes,  a  Program  af 
Engineering  and  Experimental  Work  will  be 
submitted.  (NOTE:  Nothing  will  be  under¬ 
taken  until  Praven  Methods  have  been  ex¬ 
perimentally  developed.) 

3.  This  Program  will  tell  yau  (a)  How  Much  Time 
will  be  required  and  (b)  The  Maximum  Cost 
of  Engineering  and  Experimental  Work. 

4.  If  you  accept  this  program,  the  results  must 
meet  your  own  specifications.  Otherwise 
there  will  be  no  charge  made  by  us. 

5.  Assuming  the  experiments  made  prove  the 
job  can  be  done,  we  will  then  submit 
Schematic  Drawings  and  a  Quotation  (or  )Our 
consideration  on  all  the  equipment  needed 
to  perform  the  desired  operations. 


Rotary  Switches 
printed-circuit  type 

Knight  Electronics  Corp.,  210 
S.  Desplaines  St.,  Chicago  6,  111., 
has  developed  plug-in  printed  cir¬ 
cuit  rotarv  switches  for  audio  and 
r-f  applications.  The  new  switches 


If  you  are  making  Calls  in  large  numbers,  we'd 
like  fa  hear  from  you. 


THE  ERASER  COMPANY,  INC. 

1068  S.  Clinton  St.,  Syracuse  4,  N.  Y. 

It  is  said  by  Tin  Rss^areh  Institute  that  soldering 
of  silver-plated  contacts  can  he  facilitated  if  the 
surfaces  are  first  immersed  in  a  cold  solution  of 
6^0  thiourea  in  5%  hydroch/oric  acid. 


qjRCLE  122  READERS  SERVICE  CARD 


CIRCLE  123  READERS  SERVICE  CARD 


166 


February  14,  1958  —  ELECTRONICS  engineering  edition 


r 


lUIUIUIIUIUIUIUIUIIUlillillUlfllfllilMIIUININIIflllllliininilfinilflltllfllflllfllllUlliliU 


ha\e  an  imp>ortant  industrial  po¬ 
tential  in  such  equipment  as  com¬ 
puters,  test  instruments  and  other 
electronic  circuits  requiring  mul¬ 
tiple  switching. 

Consisting  of  a  standard  rotor 
and  XXXP  phenolic  wafers,  the 
switches  differ  from  conventional 
rotary  switches  in  that  they  elimi¬ 
nate  manual  wiring  and  soldering 
to  each  individual  contact  terminal. 
This  saving  of  time  and  labor  is 
achieved  by  using  etched  foil  on 
the  wafers  to  connect  the  contacts 
to  terminal  prongs  on  the  base  of 
each  wafer. 

Installing  one  of  the  switches  is 
as  simple  as  plugging  in  a  tube, 
and  dip  soldering  of  the  printed 
circuit  board  establishes  all  switch 
connections  in  one  process.  Other 
advantages  in  their  use  include  the 
elimination  of  solder  drip  on  switch 
contacts,  no  temper  loss  in  contacts, 
no  torque  problem  with  ganged 
assemblies,  and  elimination  of  wir¬ 
ing  errors.  TTieir  compactness  in¬ 
sures  maximum  utilization  of  space. 
Ganged  assemblies  require  a  mini¬ 
mum  of  only  i  in.  between  wafers. 
Circle  305  on  Reader  Service  Card. 


Precision  Crystals 
meet  exacting  standards 

Reeves-Hoffman  Division  of  Dy¬ 
namics  Corp.  of  America,  Carlisle, 
Pa.  Manufactured  to  meet  exact¬ 
ing  military  and  commercial  stand¬ 
ards  for  frequency  measurement, 
the  new'  5-mc  high-precision  crys¬ 
tals  offer  exceptionally  long-term 
frequency  stability.  Frequency  tol¬ 
erance  is  held  at  ±  0.0001  percent 
and  aging  is  only  one  part  per  hun¬ 
dred  million  parts  per  week.  These 


MAGNETRONS 

KLYSTRONS 

CARCINOTRONS 


OTHER  MICROWAVE  TUB 


ES,  COMPONENTS  OR  SYSTEMS? 


Illutfraftd t  18  mtgawatt  pultg 
modulator  with  high-voltago  powor 
Bupply  in  Mporert*  cabinot.  Unit  do- 
fignM  to  oporato  high-poworod 
mognotront.  foak  output  puin  volt- 
ago:  100  KVf  pulto  turront;  100  am- 
poroM  poakt  maximum  duty  cycht 
Mil  pul$o  widtht;  2,  4  and  8 /aot. 


Com*  to  Mamon  for  th«  wid«tt  MUctien  of  standard  Puls*  Modviatart 
and  High-Vallaga  Pawar  Suppliot  covaring  all  usoful  powar  lavab.  From 
Icilowotts  to  tans  of  mogawotts,  Manton  has  pr*cision..angin««r«d  do- 
signs  for  eporation  and  tost  of  magnotrons,  klystrons,  trovoling  wavo 
tubos,  backward  wavo  asdlkrtors,  lighthowso  tubos,  pulso  transformors, 
wavoguido  compenonts  and  rolotod  dovicos.  Tho  wido  rango  of  standard 
modob  is  roodily  adaptablo  to  moot  individual  spocificotions. 


HIGH  POWER  PULSE  MODULATORS: 

Hard-  and  soft-tubo  typos  from  16  kw.  to  30  mogawatts  pook  powor 
output,  and  highor.  Avorago  output  powors  as  high  as  60  kilowatts. 
Typical  oporating  footuros  includo:  continuously  adjustablo  voHago 
control;  discroto  or  variablo  pubo  widths;  intornolly-  and  oxtornolly- 
controllablo  ropotition  froquondos;  auxiliary  synchronizod  outputs;  pulso- 
shapo  monitoring  circuits;  and  intorlocking  and  ovorload  protoction. 


HIGH  VOLTAGE  POWER  SUPPLIES: 

High-voltago  DC  and  AC  typos,  singlo-  or  multiplo-output,  rogulations 
and  stabiBtios  to  0.01%.  Standard  and  custom  dosigns  to  satisfy  your 
spodfic  tubo  testing  or  production  probbms:  highly-rogulotod  supplies 
uniquely  suited  for  TWT  tost  and  operation;  unregulated  high-power 
supplies  for  systems  testing;  and  complete  power  sources  for  controlling 
all  aspects  of  tube  production. 

Writo  today  for  complete  details  on  our  full  lino  of  high-power  pulse- 
test  equipment  and  high-voltage  power  supplies,  including  applications 
and  performance  data. 


Manson  offers  to  engineers  and  technicians  a  rewarding  present  and  attractive  future  In  Connecticut. 
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crystals  are  available  in  hermeti¬ 
cally  sealed  glass  T5i  enclosures 
with  pigtail  leads  on  a  9-pin  Bake- 
lite  base  as  sprecified.  Circle  306 
on  Reader  Service  Card. 


Plug  and  Jack 

for  panel  boards 

Cambridge  Thermionic  Corp., 
445  Concord  Ave.,  Cambridge  38, 
Mass.,  announces  a  new  plug  and 
jack  designed  for  quick,  tight  patch 
work  on  panel  boards. 

'ITie  new  jack  (No.  2265)  assures 
jjcrfect  electrieal  connections  be¬ 
cause  its  gripping  power  is  main¬ 
tained  by  a  specially-designed  com¬ 
pression  spring  used  with  a  floating 
key.  The  solder  terminal  is  on  the 
under  side,  and  the  jack  can  be  ob¬ 
tained  in  shank  lengths  for  panels 
varying  from  ^2  in.  to  A  in. 

TTie  new  plug  (No.  2225)  is 
asailable  with  either  a  red  or  black 
nylon  jacket  insulation  (or  unin¬ 
sulated,  No.  X2201-2).  Pin  length 
is  approximately  ii  in.,  body  length 
I  in.  Mechanical  connection  is 
simple  because  the  plug  will  accept 
up  to  No.  20  size  wire  w'hich  can 
be  crimped  around  the  insulation 
to  prevent  fraving;  or  for  a  solder 
connection,  solder  can  be  added 
through  the  window  provided. 
Circle  307  on  Reader  Service  Card. 


NTED"  QUARTZ  CRYSTAl 


The  Bulova  ST-73X  nfeed  never  be  babied.  Effective  new  shock 
mounting  and  traditional  Bulova  manufacturing  precision 
result  in  a  rugged,  extremely  stable,  frequency  determining 
element  for  missiles,  aircraft  and  other  applications 
involving  extreme  dn\4ronmental  problems. 

Where  frequencies^  must  be  maintained  with  ultra-reliable 
stability  under  high  shock  and  temperature  conditions, 
you’ll  find  no  adequate  substitute  for  Bulova  quality. 

THE  ST-73X  FEATURES:  Frequency  Range  from  16  KC 
through  350  KC,  with  lower  frequencies  possible  in  holders  of 
different  configuration ;  Shock  Tests  of  100  G ;  Dynamic  vibration 
tests  met  per  MIL-T-5422,  MIL-E-5272  and  MIL-E-5400  without 
adverse  results;  Storage  Temperatures  over  a  range  of 
— 65*C.  to  +135'’C.  can  be  coupled  with  an  operation  temperature 
range  of  — SS'C.  to  4-100°C.;  Low  excursions  of  frequency 
(  ±.015%)  over  this  range. 

Precision  Bulova  Quartz  Crystals  are  now  available  in  quantity 
for  frequencies  from  16  KC  and  lower  to  100  MC  and  above. 


Curing  Agent 
for  epoxy  resin 

Lancaster  Chemical  Corp., 
Broad  «Sr  13th  St.,  Carlstadt,  N.  J. 
LANCAST-A  is  a  low  \iscosity 
room  temperature  curing  agent  for 
epoxy  resins.  It  has  a  viscosity  of 
600  centipoises  at  80  F  and  can  lie 


Bulova 


Electronics  Division 
Woodside77,  N.Y. 


Write  Dept.  A-738  For 
Full  Information  and 
Prices  on  Quartz  Crystals 
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CABLE 

CLIPS 

★ 

all  'TtcfloH 

for  severe  condifions 

★ 

V  St^i 

^elluOx^e. 

for  maximum 
economy 


LOW 


ULfl^^ 


t^ioleicci 

SCREWS 
and  NUTS 


WE  ARE  SPECIALLY  ORGANIZED 
TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS- 
SEnLEMENT  BY  YOUR  CHECK 
CABLE  OR  AIRMAIL  TODAY 


★ 

Acid  resistant 

★ 

Need  no  insulation 

★ 

Can't  rust 

★ 

Can't  corrode 


WECKESSER  COMPANY 

S70I  Northwest  Highwoy  •  Chicago  30,  III. 
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tiUtS:  TUKUU.  UUH 


1  PRECISION  POWER  OSCILLATORS  I 


SPECIFICATIONS 

Frequencies . 400  or  1000  C.P.S.  by  selector  switch 

(other  frequencies  on  request) 
Distortion . Less  than  1  % 

Hum  Level . Approximately  .05  %  of  rated  output 

Output  Power...  3  watts  into  matched  resistive  load 

Power  Supply...  115  volts,  60  C.P.S.,  40  watts 
Dimensions . 5-11/16x9x6%  inches 

OTHER  MODELS  AVAIIA81E. 

4l10nn  DESCRIPTION  POWER  OUTPUT 

▼  1040A  Sim.  to  Mod.  1040  8  watts 


EXCELLENT  ACCURACY  AND  STABILITY  •  TRANSFORMER  ISOLATED  OUTPUT  •  3  OUT¬ 
PUT  IMPEDANCES  •  LOW  INTERNAL  IMPEDANCE  •  OUTPUT  VARIABLE  UP  TO  120  VOLTS 


iL  SS 


HERMETIC  SEALING 
EPOXY  PREFORMS 


MODEL  1500 


SPECIFICATIONS 

FREQUENCY . 400  CPS  (Other  frequencies 

on  request  I 

Distortion . Less  than  Vs  % 

Hum  Level . Approximately  .02%  of 

rated  output 

Output  Power . 1 5  watts  into  matched 

resistive  load 

Power  Supply . 115  volts,  60  C.P.S., 

120  watts 

Dimension . tVs*  x  19"  rock  panel, 

8"  deep 


PRESSED 

CERAMICS 


CERAMICS  m 


d.«P  $299.00 

Representatives  tm  PrkKipat  'Cities 


THORNTDtf  heath 
SURREY,  ENSLANO 


138  unu  $T, 
MUJV1UJI,NEW  JERSEY 


INDUSTRIAL  TEST  EQUIPMENT  CO 

55  EAST  11th  STREET  •  NEW  YORK  3,  N.  Y 


PRECISION 

ENGINEERED 

Sub-Miniature 
Pilot  Lights 


...facilitate  the  solution  of 
miniaturization  problems. 


DIALCO 


Foremost  Manuf^tcturer  oi  Pilot  Lights 


used  over  a  wide  range  of  ratios 
with  all  the  liquid  epoxy  resins.  The 
cured  epoxies  will  vary  in  hardness 
and  flexibility  depending  on  the 
ratio  used. 

Because  of  its  properties  LAN- 
CAST-A  should  find  wide  use  in 
coatings,  adhesives,  potting  and  en¬ 
capsulating.  Circle  308  on  Reader 
Service  Card. 


INPUT 

^OUTPUT 

,,^^INPUT 


Differential 

for  servo  and  computer 

Sterling  Precision  Core.,  34-17 
Lawrence  St.,  Hushing  54,  N.  Y. 
A  completely  enclosed  dust-proof 
differential,  model  T-750,  for  high 
precision  servo  and  computer  appli¬ 
cations  is  now  available.  Instead  of 
the  conventional  method  of  having 
the  two  inputs  at  opposite  ends  of 
the  spider,  the  output  and  inputs 
extend  concentrically  from  one  end 
of  a  servo  mounted  case.  This  per¬ 
mits  mounting  of  this  differential 
similar  to  standard  servo  compo¬ 
nents,  thus  resulting  in  a  single  line 
gear  train.  Circle  309  on  Reader 
Service  Card. 


Un  your  next  miniaturization  project, 
consult  DIALCO  for  the  Pilot  Lights, 
You  will  quickly  find  the  proper  unit 
for  use  with  either  tiny  Incandescent 
bulbs  (T-IV*);  or  with  sub-miniature 
Neon  bulbs  (NE-2D). 

TWO-TERMINAL  units  are  fully  insulated. 
SINGLE-TERMINAL  units  are  for  use  on 
Rounded  circuits.  Also  DIMMING  or  NON- 
DIMMING  jub-miniatures  for  every 
requirement.  Meet 

all  applicable  Mili-  \  \  I  /y 

tary  Specifications. 

Staples  fer  design  I  I  1 1  ^ 

pgrpeses  on  request  li¬ 

st  once  —  no  chage. 


Check  these  advanced 
engineering  features: 

Continuously  variablo  scanning 
rot*  from  1  thru  60  scans  /ssc  with  ono 
control.  Thro*  ssioctobls  modss  .  .  .  Irso 
running,  lino  synch  or  oxtornai  synch. 


NEW 


_ _  .  Throo  solectabio  typos  oi 

omplitudo  dispiays  .  .  .  Square  law  ox- 
ponontial  Linoar  20  db.  Log  40  db. 


NEW 


_ _  .  Flat  iaco  CRT,  odgo  lit 

calibrotod  scroon  and  camora  mount  bozol 
ior  photographic  rocordo — optionai. 


(actual  size) 


NEW 


_ _  Diiiorentiai  markors  to  show 

iroquoncy  dispersion  avaUablo  in  tho  Typo 
T-10,000. 

Tho  Panalyzor  Model  SB-8b  is  available 
in  throe  types,  all  have  continuous  vari¬ 
able  sweep  width  and  resolution; 

Type  Sweep  Width  Resolution  ot 

Range  Reduced  Sweep 

T-200  0-200  kc  SO  cps 

T-IOOO  O-I  me  200  cps 

T-10,000  0-10  me  9  kc 

Write,  wire,  phone  TODAY  for  detailed 
specifications  and  prices. 


No.  134-3830-375-9  No.  101-3830-951 


58  STEWART  AVE.,  BROOKLYN  37,  N.  Y. 
HYacinth  7-7600 


Send  for  our 
new  CATALOG 
DIGEST  and 
ask  to  be  put 
on  our  regular 
mailing  list 
for  the 
PANORAMIC 
ANALYZER 
feoturin^ 
application 
data. 


A-C/D-C  Voltmeter 
priced  at  $650 

Alto  Scientific  Co.,  855  Com¬ 
mercial  St.,  Palo  Alto,  Calif.,  has 
announced  a  new  3i  in.  high 
transistorized  voltmeter,  measuring 
either  a-c  or  d-c  with  full  scale 


Oialight  Corp.,  58  Stewart  Ave.,  Brooklyn  37,  N.  Y. 
Q  Send  brochures  on  Sub-Min.  Pilot  Lights 
Q  Brochures  on  other  Dialco  Pilot  Lights 


Name 


Position 


.ompany 


530  South  Fulton  Ave.,  Ml.  Vernon,  N.  Y. 
phone:  OWens  9-4600 
Cablet:  Panoramic  Mount  Vsrnon,  N.  Y.  Stats 
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address 
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sensitivity  of  1  mv. 

Powered  by  either  a  60  cycle  a-c 
source  or  a  built-in  rechargeable 
battery,  the  model  D-51  voltmeter 
operates  on  balanced  or  unbalanced 
circuits  with  accuracy  of  ±3  per¬ 
cent  to  ±5  percent  on  a-c  and 
±3  jjercent  on  d-c.  Frequency 
response  on  unbalanced  circuits 
is  flat  through  the  range  10  cps  to 
1  me;  on  balanced  circuits  response 
is  flat  from  10  cps  to  100  kc. 

The  built-in  battery  can  be 
automatically  recharged  while  the 
instrument  is  operating  from  a  60 
Ci'cle  a-c  power  source.  Battery  life 
is  approximately  8  hr  of  continuous 
operation;  a-c  power  consumption 
is  about  5  w.  The  instrument 
measures  3i  in.  high  by  in. 
deep  and  is  the  standard  19  in. 
width  for  convenient  rack  mount¬ 
ing.  Circle  310  on  Reader  Service 
Card. 


Since  forced>air-cooled 
tubes  were 

duced,  equipment  man* 
^^*^**®“**^  ufacturers  have  been 

designing  their  own 
supports,  many  of  which 
have  been  produced  by  Lapp.  To  standardize  the  great  variety  of  tube 
support  designs,  Lapp  set  out  to  design  a  complete  line  which  is  now 
available  and  offers  the  equipment  manufacturer  a  valuable  service 
by  way  of  more  economical  production,  interchangeability  and  avail¬ 
ability  of  replacement  units.  Lapp  Tube  Supports  are  compact,  eflfl- 
cient  and  attractive  in  appearance.  Their  duty  is  threefold . . .  they 
support  the  tubes,  insulate,  and  furnish  an  air  duct  which  channels 
air  over  tube  fins  for  maximum  cooling.  Write  for  Bulletin  301,  with 
complete  description  and  specification  data.  Lapp  Insulator  Co.,  Inc., 
Radio  Specialties  Division,  139  Sumner  Street,  LeRoy,  New  York. 


Transductors 

for  industrial  control 

Control,  a  division  of  Magnetics, 
Inc.,  Pittsburgh,  Pa.  The  standard¬ 
ized  line  of  transductors  recently 
announced  are  used  in  a  host  of 
industrial  control  operations  for 
measurement  of  large  quantities  of 
direct  current  without  electrical 
connection  to  the  systems  in  which 
they  are  used. 

A  major  \alue  of  these  transduc¬ 
tors  (as  with  the  company’s  p)Ower 
reactors)  is  the  maintenance-free 
longlife  of  the  units.  This  results 
from  the  use  of  high  permeability 
magnetic  cores— sirtually  indestruc¬ 
tible  under  normal  operation.  Or- 
thonol,  a  nickel-iron  tape  Toroid 
registered  by  the  parent  company, 
Magnetics,  Inc.,  has  such  square 
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the  DCJl  dUTj  are  Ij 

for  COtOR  &  Monochrome  TV 


4eo 

Factory-wired 
and  tested 


368 

Factory-wired 
and  tested 
Also  available 
as  kit 


removop'*' 
dost  co>/ers 
Class  22  Relays 

when  strip,  panel  or 
thassis  mounted 


loop  characteristics  that  accuracy 
of  the  transductors  is  within  ±  1 
percent  of  rated  output  o\’cr  the 
complete  operating  range. 

The  line  consists  of  nine  units, 
6  for  120-v  and  3  for  240-v  rang¬ 
ing  in  capacity  from  200  to  10,000 
amperes.  Accuracy  of  current  meas¬ 
urement  is  to  within  ±  1  percent, 
even  with  up  to  ±  10  percent 
voltage  variation  and  significant 
butden  additions.  Meter  reduction 
extends  from  2  amperes  in  the 
largest  size  to  50  ma  in  the  small¬ 
est.  Cirele  311  on  Reader  Serviee 
Card. 


XOLOR 

and  Monochronie 
DC  to  SMC  LAB  &  TV 
5"  OSCIUOSCOPE 


•  Futaris  DC  AapDfiers! 


Flat  from  DC-4.6  me,  usable  to  10  me. 
VERT.  AMPI..:  sens.  26  rms  mv/in;  input  Z  t 
mesa;  direct-coupled  A  push-pull  thmoutt 
K-follower  coupllns  bet.  stages;  4-atep  freq- 
compensated  attenuator  up  to  1000:1. 
SWEEP:  perfectly  linear  10  cps-100  kc  (ext. 
cap.  for  range  to  1  cps) ;  pre-set  TV  V  4k  H 
poaltliHw  auto.  sync.  ampl.  &  11m.  FliDSt 
direct  or  cap.  coupling;  bal.  or  unbal.  inputs; 
edge-lit  engraved  Incite  graph  screen;  dim¬ 
mer;  Alter;  bezel  Ata  std.  photo  equlpt.  High 
Intensity  trace  CRT.  0.00  usee  rise  time.  Push- 
pull  hor.  ampl.,  Sat  to  400  kc,  sens.  0.0  rms 
mv/ln.  Built-In  volt,  callb.  Z-azis  mod.  Saw¬ 
tooth  A  00  cps  outputs.  Astig.  control.  Re. 
trace  blanking.  Phasing  control. 


enclosure  No.  45-174 

Relay  mounting  screws  (A)  attach  relay  and 
enclosure  support  fronso  (B)  to  strip,  panel,  or 
chassis.  Dust  cover  fits  over  frame  and  is 
secured  with  screw  (C). 

Available  with  Class  22  Relays,  AC 
or  DC,  contact  combinations  to  6PDT, 
also  Class  22  Twin  Contact,  22S  Time 
Delay,  22R  and  22D  Power  Relays. 


Copper  Clad  Teflon 
used  in  printed  circuits 

Fluorocarbon  Products,  Inc., 
Camden  1,  N.  J.,  is  now  marketing 
copper  clad  Teflon  sheet  and  tape 
for  use  in  printed  circuit  applica¬ 
tions. 

ITie  new  product  was  designed 
to  meet  the  needs  of  the  electronic 
industry  where  a  printed  circuit 
material  with  a  low  dielectric  con¬ 
stant,  dissipation  factor  and  water 
absorption  is  required.  Besides  hav¬ 
ing  all  of  the  properties  associated 
with  Teflon,  this  material,  under 
duress,  assures  a  uniform  dielectric 
constant  o\er  a  gi\'en  area  and  no 
delamination  of  insulating  material 
is  possible. 

Exhibiting  strength  and  temper¬ 
ature  ranges  heretofore  not  a\ail- 
able  in  printed  circuits,  the  new 
material  is  available  in  18  by  36 
in.  sheets  ranging  in  thickness  from 
A  to  A  in.,  with  1  or  2  oz  copper 
on  both  sides.  Tapes  range  from 
1 2  in.  wide  to  1 50  in.  in  length 
with  thicknesses  axailable  from 


when  plug-in  mounted 


V  CONDUaANCE 
I  Tubti 
Transistor  Tester 


Cndoturt  45-176 

Enclosure  support  frame  is  assembled  with 
relay  and  hold-down  bracket.  Dust  cover  fits 
over  frame  and  is  secured  with  screw.  Mounts  in 
any  position  —  no  hold-down  clamp  required. 

Available  with  8-,  12-,  or  20-pin 
Octal  Style  phenolic  plugs,  AC  or  DC 
Relays;  contact  combinations  to 
6PDT,  also  Class  22T  Twin  Contact, 
22S  Time  Delay,  22R  and  22D  Power 
Relays.  Send  for  literature. 


SPEED,  ease,  unexcelled  accuracy  A  thor- 
oughneaa.  Teete  all  reeel vlng  tnbee  (and 
picture  tubes  with  adapter).  Composite  Indl- 
catioB  of  Gm,  Gp  A  peak  emission.  Slmulta- 
neoas  sel  of  any  1  of  4  combinations  of  2  plate 
voltagea  S  screen  voltages.  1  ranges  of  con¬ 
tinuously  variable  grid  voltage  (with  6%  ac¬ 
curate  pot).  New  series-string  voltages:  for 
too,  460,  200  ma  types.  Sensitive  200  ua 
meter.  B  ranges  meter  sensistlvity  (1%  shunts 
A  6%  pot.)  10  SIX-position  lever  switches: 
free  point  connection  of  each  tube  pin.  10 
pnsh-bnttons  rapid  insert  of  any  tube  ele¬ 
ment  in  leakage  test  circuit  A  speedy  sel.  of 
Individual  sections  of  multi-section  tubes  In 
merit  testa  Direct-reading  of  inter-element 
leakage  In  ohma  New  gear-driven  roUchart. 
Cheeks  n-p-n  A  p-n-p  transistors:  separate 
mMer  readings  of  collector  leakage  current 
4k  Beta  using  internal  dc  power  supply.  CBA 
Adapter  B4AO 


Ve  the  50  EICO  models  IN 

at  your  neighbor-  Prices  5% 
hood  distributor.  fot  higher  on 

e-2  West  Coast 

33-00  NORTHERN  RLVD., 
LONG  ISLAND  CITY  I,  N.  Y. 
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"  tiectric  Company 

3350B  W.  Grand,  Chicago  51 .  III. 
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DC  to  DC  Magnetic  Amplifier 
for  Precision  Instruments 


0.005  to  0.060.  The  tapes  can  be 
had  with  1,  2  or  3  oz  copper  on 
one  or  two  sides.  Circle  312  on 
Reader  Service  Card. 


are  being  held  to  closer  production  tol? 
erances  than  previously  so  as  to  make 
these  units  even  more  use/aJ  to  you. 
They  are  used  in  the  computing  por¬ 
tions  of  high-performance  instruments 
because  of  their  unusual  linearity  and 
stability.  Transfer  Characteristics  of 
Airpax  Ferrac  amplifiers  are  little  af¬ 
fected  by  supply  voltage  or  frequency. 


Molded  Transformers 
microminiature 

Microtran  Co.,  Inc.,  145  E. 
Mineola  Ave.,  Valley  Stream,  N.  Y. 
Designed  for  transistor,  audio  and 
servo  applications,  a  new  line  of 
microminiature  transformers  are 
molded  of  high  temperature  epoxy 
to  provide  protection  against 
extremes  in  ambient.  Weighing  4 
oz,  dimensions  of  the  MM-M  scries 
is  H  in.  by  I  in.  by  i  in.  high. 
Mounting  is  by  means  of  standard 
channel  ears,  threaded  studs,  or 
inserts.  Terminal  pins  are  arranged 
for  use  with  dip  soldered  printed 
circuitry.  Circle  313  on  Reader 
Service  Card. 


As  with  aU  magnetic  amplifiers,  Ferrac  amplifiers  operate  j 
directly  from  the  AC  generator  thereby  eliminating  the 
weight  of  DC  power  supplies  necessary  with  vacuum  tube  or 
transistor  amj^ifiers.  The  two  input  control  windings 
are  fuUy  insulated  from  each  other,  from  the  power,  and  from  Uie 
output.  Thus  the  amplifier  can  be  used  with  sign^d8 

thaf  require  floating  grounds.  =  | 


Encoder 

analog-to-digital 

Andromeda,  Inc.,  3742  Howard 
Ave.,  Kensington,  Md.  Analog-to- 
digital  conversion  of  up  to  2,000 
codes  per  sec  may  be  obtained  with 
model  2KB  Edacon  encoder.  'Ihe 
code  is  binary  having  10  bits  plus 
sign.  Code  accuracy  is  1  part  in 
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2,048  or  ±  0.025  percent.  Maxi¬ 
mum  bit  rate  is  22,000  f>er  sec. 

The  unit  features  built-in  integ¬ 
ral  power  supplies  which  include 
a  reference  voltage  source  of  ± 
0.005  jjercent  stability.  Drift  of  the 
comparator  is  less  than  ±  0.001 
percent.  Analog  input  impedance 
is  1,000  ohms  p>er  full  scale  volt. 
Input  ranges  are  1,  10,  100  and 
1,000  V.  Parallel  coded  outputs 
are  at  115  v,  10  ma  for  each  of  11 
outputs.  Coded  serial  output  is 
at  30  V  10  ma. 

Internal  and  external  bit  and 
coding  rate  control  are  provided. 
Dimensions  of  encoder  in  cabinet 
are  21  i  in.  wide  by  Hi  in.  high 
by  14 J  in.  deep.  Dimensions  for 
rack  mounting  are  19  in.  wide  by 
8J  in.  high  by  14i  in.  deep.  Power 
requirements  are  117  v  ±  10  per¬ 
cent,  60  cps  ±:  2  cps,  250w.  Circle 
314  on  Reader  Service  Card. 


We  Didn't  Know 
You  Make  It " 


Every  now  and  then  someone  says  to  us,  "I  wish 
I  had  known  you  make  it".  They  know  that  no 
other  wire  or  cable  is  superior  to  Synkote  in  qual¬ 
ity  and  performance. 

Since  1941  we  have  made  every  conventional 
wire  and  coble  and  most  of  the  special  construc¬ 
tions  in  use  today. 


whether  it  be 


TEFLON-JACKETED 
MINIATURE  COAXIAL  CABLE 
or  cmy  other  Teflon 
insulorted  wire  or  coble 


X-Band  Magnetron 
a  one  megawatt  unit 

Ferranti  Electric,  Inc.,  30 
Rockefeller  Plaza,  New  York  20, 
N.  Y.  The  type  VF-10  X-band 
magnetron  is  capable  of  producing 
1  megawatt  pulse  output  at  mean 
power  levels  up  to  1,000  w,  on 
frequencies  in  the  range  9,000- 
9,500  me.  Its  overall  length  is 
l2v5  in. 

The  high  mean  power  is  made 
possible  by  the  use  of  a  special 
cathode  with  bombardment  heat¬ 
ing,  involving  an  electron  gun  op¬ 
erating  at  5  kv  with  30  ma  beam 
current.  Standard  tubes  can  be  sup¬ 
plied  with  ±20  me  of  specihed 
frequency  in  the  range  9,000-9,500 
me,  or  closer  by  special  arrange¬ 
ment.  Circle  315  on  Reader  Serv¬ 
ice  Card. 


NON-CONTAMINATING 

FOAM  POLYETHYLENE  DIELECTRIC 

COMMUNITY  TV  COAXIAL  CABLE 


Send  for  our  new  lQS8  catalog 


nut:  HJUIBDBG,  M. ).  •  Offices:  42-61  24tk  St.,.LoBf  Islud  City  1,  M.T. 
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MODERH  COIL 
EQUIPMENT 

Plus 

MODERN  COIL 
HANDLING 

Insure  perfection  in 

all  DANO  COILS 

•  Encapsulated  coils  ...  in 
either  polyester  or  epoxy 
resins. 

e  Coils  for  high  temperature 
applications. 

e  Bobbins  coils. 

•  Paper  interleave  coils, 
e  Cotton  interweave  coils, 
e  Form  wound  coils. 

ALSO  TRANSFORMERS  MADE  TO  ORDER 


DIMCO-GRAY 


PROVIDE  VIBRATIOH'PROOF  HOLDING 
AND  QUICK,  FOOL-PROOF  RELEASE! 

APPROVED  UNDER  ARMY- NAVY  STANDARDS 

Here's  a  simple,  easy  means  of  securely 
fastening  assemblies  to  withstand  shock  or 
vibration,  and  yei  allow  quick  romoval  for 
inspection  or  ropair.  Instant  snap  action  en¬ 
gages  of  releases  fastener  ...  no  tools 
ore  requiredi  After  installation,  fasteners 
never  need  adjustment  .  .  .  even  with  re¬ 
peated  use. 

Three  sizes  available  for  different  lood 
requirements.  Large  and  medium  sizes  are 
made  of  corrosion-resistant  stainless  stool. 
Small  size  is  made  of  nickel-plated  brass. 
Stock  parts  fit  various  thicknesses  of  flanges 
and  mounting  plates  .  .  .  special  parts 
can  also  be  supplied. 
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Fll  IEAD1  ACCESS  TO  ACCUIATE 

FREQUENCY  CALIBRATION 


FULLY  TRANSISTORIZED  SELF  POWERED 

FREQUENCY  STANDARD 


10  KC.  100  KC. 
I  MC.  Frequen¬ 
cy  Stability, 
±.002%  te 
+  50"  C. 


lapT  i|  ;1 

l]  1 

SI 

•  Completely  tran¬ 
sistorized 


Extremely  port^le 


•  -  Harmonic  content 

fitfaTTMC  100  “**•*•• 

FaSWc  200  MC 

•  High  accuracy  to  •  BuiK-in 

«  j  1.  •  Printed 

•  Self  powered  by 


•Very  low  power  •  Multip 
drain  frMne-hai^ 


*  ELECTRONICS  DIVISION 
VAN  NORMAN  INDUSTRIES,  INC. 

MANCHESTER,  NEW  HAMPSHIRE 


Write  for  Catalog  or  to  have  our  representative  call. 

EASTERN  TOOL  &  MEG.  CO.  Belleville  9,  N.  J. 

Phones:  New  York — REctor  2-7875  BEIIeville  — PLymouth  9-7100 
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New  Literature 


ffiB  9(1  kUi\$i(^fph  B90k 


MATERIALS 


IIULTRA-MINTATIIRE 


Plastics  File.  Bakelite  Co.,  Di¬ 
vision  of  Union  Carbide  Corp.,  30 
E.  42nd  St.,  New  York  17,  N.  Y. 
The  1958  edition  of  the  “Con¬ 
densed  Reference  File”  describes 
in  easy,  readable  terms  the  major 
families  of  plastics  produced  by 
the  company,  lire  12-page  booklet 
is  profusely  illustrated  and  has 
thumb-indices  to  aid  in  finding 
data.  Circle  351  on  Reader  Service 
Card. 


UTTON  SWITCH 


lingle  throw, 


JVCtUAL  SIZE 


ict,  normally 


~Censantativeiy  rated  1 


expectancy  appi 


4«090/000  operations. 


•  Maximum  panel  thici 


reqmres 


Makes  po^ible  hereh 


applicatiMsiel 


COMPONENTS 


Constant  Voltage  Transfoniien. 
Sola  Electric  Co.,  4633  W.  16th 
St.,  Chicago  50,  111.  CVE-269  is 
a  factual,  illustrated  four-page 
folder  describing  constant  \oltage 
transformers  for  electron  tube  6.3  v 
filament  supply.  Circle  352  on 
Reader  Serviee  Card. 


523  Hillgrove  Avenue,  l.a  Grange,  Hlinois 
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Magnetic  Tapes.  Minnesota 
Mining  and  Mfg.  Co.,  900  Bush 
St.,  St.  Paul  6,  Minn.  Magnetic 
tapes  for  instrumentation  recording 
are  cosered  in  an  8-pagc  illustrated 
booklet.  Circle  353  on  Reader 
Serviee  Card. 


Microminiature  Connectors.  De- 
Jur-Amsco  Corp.,  45-01  Northern 
Blvd.,  Long  Island  City  1,  N.  Y. 
A  4-pagc  technical  brochure  gi\es 
specifications,  diagrams  and  general 
information  on  an  expanded  line  of 
microminiature  connectors.  The 
units  described  meet  MlL-C-8384 
specs  and  are  ruggedized.  Circle 
354  on  Reader  Service  Card. 


Normal:  ±  h,  ±  25,  and 
±  75  kc/s  ranges 

High:  ±  76,  ±  160,  ±  300, 
and  ±  600  kc/s  depending 
on  frequency  range. 


AM: 

0-80% 

DISTORTION: 

<2%  at  ±  76  kc/s  FM 
<6%  at  60%  AH 


Snap-Acting  Switches,  Hether- 
ington,  Inc.,  Dclmar  Drive,  Fol- 
croft.  Pa.  Standard  definitions  for 
snap-acting  switches  recently 
adopted  by  NEMA  are  given  full 
illustrated  treatment  in  a  new 
folder.  Circle  355  on  Reader  Serv¬ 
ice  Card. 


OUTPUT:  0.1  /iV  to  0.1  V  across  50  or  75  ohms 
in  1  dB  steps  •  Crystal  calibration  of  dial  • 
Direct  reading  ±  50  kc/s  Incremental  Fre¬ 
quency  dial  •  Simultaneous  FM  and  AM  • 
Rugged  militarized  construction  (NATO 
K114  specs.). 


Represented  in  Canada  by 
BACH-SIMPSON  j 

London/Ontario  ^ 

Represented  in  the  United  States  by 

WELWYN  INT,  INC. 

3355  Edgecliff  Terrace,  Cleveland  11,  Ohio 


Switch  Catalog.  Sargent  Elec¬ 
tric  Corp.,  630  Merrick  Road,  Lvn- 
brook,  N.  Y.  Catalog  100-1  de- 
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scribes  a  complete  line  of  toggle 
and  trigger  switches.  Ten  types 
are  listed  with  illustrations,  dimen¬ 
sional  and  electrical  rating  data. 
Circle  356  on  Reader  Service  Card. 


EQUIPMENT 


Magnetic  Tape  Recorder.  Am- 
pex  Corp.,  934  Charter  St.,  Red¬ 
wood  City,  Calif.  An  8-page  bro¬ 
chure  introduces  a  new  magnetic 
tape  recording  instrument  which 
puts  pictures  on  tape,  retransmits 
or  stores  them  with  complete  re¬ 
tention  of  original  fidelity.  Called 
Faxtape,  the  machine  described  is 
used  in  conjunction  with  conven¬ 
tional  facsimile  equipment.  Circle 
357  on  Reader  Service  Card. 


Memory  Systems.  Davstrom 
Inc.,  5640  Lajolla  Blvd.,  Lajolla, 
Calif.  'Fechnical  bulletin  104 
covers  transistorized  magnetic  core 
memory  systems.  The  systems  dis¬ 
cussed  base  storage  capacities  \ary- 
ing  anywhere  from  500  bits  to 
40,000  bits,  with  typical  access 
times  of  from  10  to  20  /isec.  Circle 
358  on  Reader  Service  Card. 


Ultrasonic  Cleaners.  'Fhe  Narda 
Ultrasonics  Corp.,  122  Herricks 
Road,  Mineola,  L.  1.,  N.  Y.,  has 
available  a  data  sheet  describing  the 
SonBlaster  series  600,  a  mass-pro¬ 
duced  line  of  high  capacity,  pro¬ 
duction-size  ultrasonic  cleaners. 
Circle  359  on  Reader  Service  Card. 


FACILITIES 


Printed  Circuit  Facilities.  Elec- 
tralab,  Inc.,  Industrial  Center, 
Needham  Heights  94,  Mass.  Stress¬ 
ing  the  role  plaved  bv  research  and 
de\clopment,  as  well  as  quality  con¬ 
trol,  in  the  production  of  printed 
circuitry,  a  4-p)age  brochure  outlines 
the  physical  and  engineering  fa¬ 
cilities  which  contribute  to  the  ex¬ 
cellence  of  circuits  used  in  missiles, 
computers,  data  processing  equip¬ 
ment,  radar  and  quality  instru¬ 
ments.  Circle  360  on  Reader  Serv¬ 
ice  Card. 


Ruggedly  made  of 
stainless  steel,  ex¬ 
cept  for  aluminum 
alloy  buttons,  our 
flush  latches  are 
easy  opening,  posi¬ 
tive  sealing,  light 
weight,  simple  to 
operate  and  install. 


Whether  you  are 
designing  a  cabinet 
or  planning  to  im¬ 
prove  your  present 
one  .  .  ,  Missile-Air 
flush  latches  are  the 
best  in  quality,  per- 
formance,  and 
trouble  free  in 
operation. 


it’s  the  KEEPER 
that  counts! 


For  further  information  and  literature, 
contact  our  Engineering  Department. 


1108  WtsT  135th  Street,  Gardena,  Calif.  •  FAculty  1-3411 


Industry’s  preferred  "instrument  of  a  thousand 
uses”.  Accurate,  rugged,  versatile  STANDARD 
Elapsed  Time  Indicators.  Synchronous  motor  drive. 
Electric  clutch  controlled  by  manual  or  automatic 
switch  or  output  of  electronic  tubes.  Manual  or 
electric  zero  reset.  Units  for  flush  panel  mounting 
or  portable  use. 


Scale 

DivMens 


Totalizes 


PANCl  MOUNTED 


S-100 


1/1 000  min. 


dr.0002  min. 


1/1000  see. 


1/1000  sec 


Request  Bulletin  No.  19B. 


THE  STANDARD  ElECTRIC  TIME  COMPANY 
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PLANTS  and  PEOPLE 


SDC  Plants  Will  Serve  AF 


A  $20  MILLION  Air  Force  contract 
has  just  been  transferred  from  the 
RAND  Corporation  to  the  newly 
organized  System  Development 
Corp.  (Santa  Monica,  Calif.),  an 
independent  non-profit  corpora¬ 
tion,  as  is  RAND.  Under  the  con¬ 
tract,  SDC  will  provide  professional 
technical  services  to  the  Air  De¬ 
fense  Command.  The  new  cor¬ 
poration,  using  the  facilities  and 
personnel  of  the  former  System 
De\’elopment  Division  of  RAND, 
will  eontinue  to  work  elosely  with 
RAND.  According  to  RAND’s 
president,  F.  R.  Collbohm,  it  was 
found  desirable  to  set  up  SDC  as 
a  separate  corporation  with  the 
rapid  expansion  of  System  De¬ 
velopment  Division’s  activities. 
RAND  serves  mainly  in  a  scientific 
advisory  capacity  on  long-range  re¬ 
search  for  the  Air  Force. 

SDC  employs  more  than  1,800 
people,  including  highly-trained 
sjiecialists  from  psychologists  to 
computer  programmers.  Work  is 
being  done  on  two  major  projects 
related  to  Air  Defense.  One  proj¬ 
ect  involves  the  development,  in¬ 
stallation,  and  maintenance  of  a 
System  Training  Program  simulat¬ 
ing  emergency  situations,  such  as 
enemy  raids  on  U.  S.  targets,  to  give 
the  air  defense  system  practice.  The 
program  helps  the  Air  Defense 
Command  to  develop  flexible 
adaptation  to  any  emergency. 


SDC’s  second  big  job  is  program¬ 
ming  for  SAGE  (Semi-Automatic 
Ground  Environment)  air  defense 
system  computers.  SAGE,  soon  to 
operate  throughout  the  U.S.,  uses 
a  network  of  huge  hi-speed  elec¬ 
tronic  digital  computers  to  process 
data  about  the  30,000  plane  flights 
taking  place  daily  in  the  nation. 
The  computers,  connected  directly 
to  radars,  weather  stations,  etc., 
sift,  display  and  transmit  constant 
reports  on  the  air  traffic  picture. 
Radar  detection  of  aircraft  is  cor¬ 
related  to  all  other  information  by 
the  computer.  In  the  case  of  “un¬ 
known”  aircraft,  interceptors  are 
accurately  guided  to  the  craft  with 
exact  information  on  speed,  alti¬ 
tude,  and  direction.  The  computers 
can  also  serve-  to  launch  and  guide 
missiles. 

Beside  the  main  location  in 
Santa  Monica,  SDC  has  a  group  at 
Lexington,  Mass.,  where  SAGE 
originated.  SDC  representatives  are 
also  stationed  permanently  at  major 
Air  Defense  Command  centers 
throughout  the  nation,  and  travel¬ 
ing  teams  of  programmers  set  up 
new  programs  at  the  different 
SAGE  computing  installations. 

Earnings  from  contracts  are  used 
by  SDC  to  further  research  in  the 
interests  of  security  and  public  wel¬ 
fare. 

In  Santa  Monica,  SDC  occupies 
a  new’  110,000  sq  ft  office  and 


equipment  building,  plus  a  60,000 
sq  ft  structure  (right  foreground  in 
the  picture)  housing  a  modified 
SAGE  computer  for  developing 
and  checking  computer  programs 
before  they  are  taken  to  SAGE 
sites.  A  third  office  building, 
130,000  sq  ft,  (at  left  in  the  aerial 
view)  has  just  been  completed  and 
is  being  occupied. 


AIL  Names 
Chief  Engineer 


Promotion  of  Lawrence  J.  Torn 
(picture)  to  the  position  of  chief 
engineer  of  Airborne  Instruments 
Laboratory,  Inc.,  Mineola,  N.  Y., 
is  announced.  His  new  work  as¬ 
signment  calls  for  coordination  of 
the  company’s  production  design 
activities  in  the  field  of  industrial 
control  systems  involving  automatic 
machine  and  process  controls  and 
electronic  test  equipment. 

Torn’s  experiences  with  AIL 
have  been  in  the  fields  of  servo¬ 
mechanisms,  feedback  amplifiers, 
analog  computers  and  closed-loop 
radar  data  processing  systems.  They 
include  responsibility  for  engineer¬ 
ing  development  as  project  engi¬ 
neer  of  a  large-scale  radar  data 
processing  system  that  incorporated 
new  concepts  of  theory  and  cir¬ 
cuitry. 


Paragon  Plans 
Consolidation 

Ground  has  been  broken  in  Two 
Rivers,  Wise.,  on  a  new  $400,000 
manufacturing  plant  for  Paragon 
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1 200  Printed  boards  assembled  per  hour  . . .  using  Allen-Bradley 
composition  resistors.  Pressure  sensitive  tape  holds  resistors  in 


place  on  reels  for  ease  in  automatic  feeding. 


VITREOSIL 


FUSED  QUARTZ 

MEETS  YOUR 
CRITICAL 
REQUIREMENTS 


Military  reliability  in 


CHECK  WHAT  VITREOSIL  OFFERS: 

y 

y 

Absolute  Chemical  Purity 

Extreme  Heat  Resistance 

v/ 

Thermal  Shock  Resistance 

>/ 

Chemical  Inertness 

x/ 

Outstanding  Electrical  Properties 

Full-Range  Radiant  Energy 
Transmission 

VITREOSIL  fused  quartz  prod¬ 
ucts  can  be  supplied  in  an  un¬ 
usually  large  variety  of  types 
and  sizes.  Also  fabricated  to 
specification  to  meet  semi-con¬ 
ductor  requirements. 

TRANSPARENT  VITREOSIL 

For  ultra-violet  applications, 
metallurgical  investigations  and 
processes,  chemical  research  and 
analysis,  photochemistry,  spec¬ 
troscopy  and  physical,  optical 
and  electrical  research  and  pro¬ 
duction  operations.  Send  specifi¬ 
cations  for  your  requirements. 
Please  use  coupon  below. 

See  our  ad  in 

Chemical  Engineering  Catalog 


THERMAL  AMERICAN 
FUSED  QUARTZ  CO.,  INC. 

18-20  Salem  Street,  Dover,  New  Jersey 


nd  t«<hnical  data  on 


H  Company _  ■ 

*  Name  A  Title _  ” 

I  Street _  | 

I  City _ Zone _ State _  | 
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Electric  Co.,  makers  of  automatic 
time  controls.  The  72,000-sq  ft 
plant  will  enable  the  company  to 
consolidate  all  the  manufacturing 
operations  of  its  five  separate  plants 
at  a  single  site. 

Consolidation  of  manufacturing 
operations  and  expansion  of  facili¬ 
ties  is  expected  to  result  eventually 
in  employment  of  over  500  people. 


Perkiri’Elmer 
Fills  Key  Post 

New'  general  manager  of  the  instru¬ 
ment  division,  Perkin-Elmer  Corp., 
Norwalk,  Conn.,  is  R.  Victor  Har¬ 
ris  (picture).  He  succeeds  Van 
Zandt  Williams,  who  was  recently 
named  executive  vice  president  of 
the  company. 

Harris  joined  Pcrkin-Elmer  in 
1949  and  became  director  of  pro¬ 
duction  in  1950.  \\4icn  the  in¬ 
strument  di\ision  w'as  formed  in 
1956  he  became  its  assistant  divi¬ 
sion  manager  and  held  this  posi¬ 
tion  until  his  new  appointment. 

Prior  to  Perkin-Elmer,  he  was 
associated  with  Taylor  Instrument 
Co.  and  MIT.  During  the  war  he 
was  a  staff  research  engineer  at  the 
MIT  Radiation  Laboratory  where 
he  worked  on  radar  gun  directors. 


IRE  Honors 
Roberts 

Fr.wk  B.  Roberts,  chief  engineer 
for  communications  rcccis'crs  and 
components.  National  Co.,  Inc., 

February  14, 


PS-3002  28  Volt  DC 
input:  400  cps  sine 
wave  output 


PS-1004B  standard. 
32S  Volt,  200  ma 
dc-dc  converter 


input;  300  volt  1.5  ampere 
regulated  DC  output  supply 


Power  Sources  units  are  now  in 
production  missiles 
Complete  range  of  sizes,  types  and 
capacities  for  military  and  com¬ 
mercial  requirements: 

Sr  DC  to  AC  available  in  any  power  up 
to  1500  watts  .  .  .  square  or  sine 
wave  output. 

■k  AC  to  DC  available  with  voltages 
up  to  500V,  and  currents  to  3  amps 
...  DC  Regulation  to  0.1% . . .  Imped¬ 
ances  to  .05  ohms  .  .  .  Over-all  effi¬ 
ciencies  70-75%. 

•k  DC  to  DC  available  in  combinations 
of  the  DC  to  AC  and  AC  to  DC  ratings 
shown  above. 

k  Military  Reliability  is  assured  by 
extremely  conservative  designs  and 
the  use  of  the  best,  pretested  military 
grade  components  and 
advanced  semiconductor 
techniques.  Meet 
MIL-E-5400  jSa 

and  MIL-E-8189.  W 

SEND  FOR  TECHNICAL  DATA 

See  us  at  I.R.E.  Booth  No.  3508 


POWER  SOURCES,  INC. 

Burlington,  Massachusetts 
BRownmg  2-3005 
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Offers  New 
1  Service 

A  PROCUREMENT  scn  icc  ofganiza- 
1  tion  known  as  R.  G.  Expediters 
[  Serr  ice  has  been  opened  at  220 
Fifth  Ave..  New  York,  N.  Y. 
Founder  is  Robert  Gueydan  (pic- 

Sture),  formerly  assistant  director 
of  purchases.  Remington  Rand 
Div.,  Sperrj-  Rand  Corp.;  and  pro¬ 
curement  representative  of  Con- 
'*ir,  a  division  of  General  Dy¬ 
namics  Corp.,  respectively. 

The  new  firm  plans  to  offer  a 
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COMPLETE  LINE  for  every  Military  and  Special 
purpose  ...  in  PRODUCTION  QUANTITIES  ...  or 
CUSTOM  DESIGNED  to  your  specific  requirement. 

smtronic 


INSTRUMENTS,  INC. 

100  Industrial  Road,  Addison,  III.,  Phono  KIngswood  3-6444 
CIRCLE  14S  READERS  SERVICE  CARD 
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Malden,  Mass.,  received  an  award 
from  the  professional  group  on 
broadcast  and  t\'  receivers  of  the 
IRE  for  contributing  the  outstand¬ 
ing  recent  paper  in  the  field  of  in¬ 
terest  of  this  professional  group. 
The  award  was  made  by  Harlan  A. 
Bass.  Director  of  Radio  &  Tele¬ 
vision  Engineering,  Avco  Mfg. 
Corp.,  Cincinnati,  Ohio,  at  the 
Radio  Fall  Meeting  of  the  IRE 
group  in  Toronto. 


Westinghouse 
Ups  Frailey 

New  operations  manager  tor  pow'er 
and  special  purpose  tubes  at  West- 
inghousc  electronic  tube  dis  ision  is 
Henr\-  F.  Frailey.  He  will  be  re¬ 
sponsible  for  the  design,  develop¬ 
ment.  engineering  and  manufactur¬ 
ing  of  these  tubes. 

Frailey  has  been  with  the  dis  ision 
since  1951,  first  as  a  supervisor  of 
manufacturing  engineering  and 
then  as  superintendent  of  the  ert 
department.  Prior  to  joining  West- 
inghousc.  he  was  associated  with 
Svlvania  and  RCA. 


6  E  SAVES  m 


NO  MINIMUM  SIZE! 
MAXIMUM  SIZES; 

Nylon  UA"  long  .03  oz. 

Zinc  Alloy  1%"  long  V2  oz. 
Quick  deliveries  on  quonf if ias 
of  100,000  to  many  millions 


Exclusiva  Gries  techniques  octuolly  improved  ■  Nylon  I'A"  long 
design  and  performance  by  die-costing  this  Zinc  Alloy  1%"  t 

zinc-alloy  threaded  shaft  and  injection-mold-  1  n  ■  l  j  r 

ing  the  mating  Nylon  nut.  Both  units  formerly  |  Qmek  deliveries  c 

were  produced  os  screw  machine  parts,  at  5  I  JOO.OOO  to  mo 
times  the  present  cost.  A  typicol  demonstration  * 

of  GRC's  unique  talent  for  doing  big  things  I  A  M  I  V  A 

with  small  parts  .  .  .  economically!  |  ■■llll 

Send  today  for  illustrated  bulletin  I  !■  K  I  |  ^  g 

GRIES  REPRODUCER  CORp!  Jyimii 

151  Beechwood  Ave.,  New  Rochelle,  N.  Y.  •  NEw  Rochelle  3-8600 
CIRCLE  147  READERS  SERVICE  CARD 


World’s  foremost 
producer  of 
small  die  castings 


PHONE 


NOW!  GO-NO  GO-COMPARATIVE 
MEASUREMENTS  AT  A  GLANCE 

For  Quality  Control  and  Production  Tests  From  DC  to  250  MC ! 


NEW  HIGH  SPEED 
COAXIAL  SWITCH 

APmCATIONS: 

Audio  —  Video  —  Intermediate  —  R.F. 
Circuitry  —  Passive  Networks  — Vacuum 
Tubes  —  Diodes  —  Transistors  —  Etc. 

Permits  Dual  Scope  Presentalions— 
Reference  and  Tati 


ni 

1 

i  ^ 

rT'T'T” 

T 

I  ^ 

/ 

i 
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Dalmo  Victor 
Forms  Division 

A  NEW  electronic  systems  division 
has  been  formed  by  Dalmo  Victor 
Co.,  Belmont,  Calif.  It  will  be 


Custom-Made 

MOLDED 

CABLE 

ASSEMBLIES 


Ask  to  see  these 
assemblies  and  other 
new  components  at  the 

RADIO  ENGINEERING 
SHOW 

N.  Y.  Coliseum 
Mar.  24  to  27 

BOOTH  2228 


Available  in 
Innumerable  Terminations 


EQUIPMENT  MANUFACTURERS  - 

Switchcraft  Engineers  will  help  you  design 
an  assembly  to  harmonize  and 
complement  the  styling  of  your  equipment 
at  possibly  o  tower  cost. 

Write  for  bulktin  S>582  or  furnish  us  complete 
specifications  with  your  inquiry. 

1  kl  C* 


1336  N.  Hoisted  St. 
Chicago  22,  III. 


Canadian  Rep:  Atlas  Radio  Corp.,  Ltd.,  50  Wingoid  Ave.,  Toronto,  Canada. 
CIRCLE  149  READERS  SERVICE  CARD 


procurement  expediting  service 
functioning  for  purchasing  depart¬ 
ments  everywhere  whose  suppliers' 
are  located  in  the  eastern  United 
States.  Gucydan  will  call  on  \cn- 
dors  in  person,  outline  problems 
and  circumstances  for  purchases 
and  make  facilities  surveys  and 
plant  or  vendor  evaluations  in  all 
branches  of  industry  and  manu¬ 
facturing. 

According  to  Gueydan,  many 
companies  now  find  that  they  have 
orders  that  are  being  processed  far 
too.  slowly  or  they  find  impro\ed 
delivery  dates  imperative.  Many 
also  require  more  factual  informa¬ 
tion  on  the  status  of  their  orders 
and  the  facilities  of  their  suppliers. 
He  believes  this  service  can  serve 
purchasing  departments  more  eco¬ 
nomically  than  they  themselves  can 
perform  this  function  with  their 
own  personnel. 


responsible  for  engineering,  manu- 


$2S4.00 
F.0.1.  PUNT 
MoM  FD.^* 


typical  Amplifier  in  Production  Test. 

Frequency  range  of  coaxial  circuit  is  from  DC  to 
250  MC  with  a  VSWR  of  less  than  1.1  at  50  or 
75  ohms  impedance.  Switch  contacts  "Mercury- 
Wetted"  with  on  adjustable  switch  rate  of  30,  15 
or  1 0  cps. 


facturing,  and  sales  of  elcctromc 
systems,  test  equipment  and  sub- 
assemblies.  Present  Dalmo  Victor 
work  in  these  fields  includes  sonar, 
magnetic  detection,  communica¬ 
tions,  countermeasures  and  infra¬ 
red. 


For  further  infermotien  on  Appli¬ 
cations  and  Specifications  write  to: 

'Specify  50  ohm  or  75  ohm  impedance 


ELECTRONICS  CORPORATION,  Dept.  TED- 6 
Philadelphia  3,  Po. 


Glenn  A.  Walters  (picture), 
formerly  vice  president  in  charge 
of  research,  will  direct  tho  new  di¬ 
vision  as  vice  president  and  man¬ 
ager.  \\^alters,  who  joined  Dalmo 


r 
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SOLDERING  LUGS 
•  TERMINALS  • 
PRINTED  CIRCUIT 
HARDWARE 


Tell  us  about  your  application  and 
production  requirements.  We’ll 
supply  your  needs  from  our  com¬ 
plete  line — or  adapt  to  your  speci¬ 
fications— and  show  you  how  to  cut 
costs  and  speed  up  production! 

•  Miniature  Tubular  Terminals, 
Wire  Wrap  Terminals  and 
Contacts  for  Automated  Printed 
Circuit  Applications 

e  Solderless  Crimp-on  Terminals 

•  Line  Cord  Interlock  Terminals 

•  Automatic  terminal  inserting, 
crimping  and  staking  machines 

Contact  us  today.  Send  blue  print 
or  specifications  for  specific  infor¬ 
mation.  Request  bulletins  for  gen¬ 
eral  information. 


root  ond  MANuracTuaiwG  co7 

4023  W.  LAKE  ST.  •  CHICAGO  24,  III. 
CIRCLE  151  READERS  SERVICE  CARD 
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Victor  in  1947  as  an  electrical  de¬ 
sign  engineer,  was  appointed  di¬ 
rector  of  research  in  1950,  in  which 
capacity'  he  headed  a  laboratory- 
staff  of  75.  In  February  1957,  he 
was  named  a  vice  president  of  the 
firm. 

He  has  pioneered  the  develop¬ 
ment  of  miniaturized  electronic 
packages  and  circuit  simplifications 
for  airborne  electronic  equipment 
manufactured  by  the  company. 


ESC  Hires 
Peressini 

Appointment  of  Richard  D.  Percs- 
sini  (picture)  as  project  engineer 
at  ESC  Corp.,  Electronic  Compo¬ 
nents  Division.  Palisades  Park. 
N.  J.,  is  announced.  He  was  for¬ 
merly  an  associate  engineer  in  the 
transformer  department  of  Allen  B. 
Du  Mont  Laboratories. 

In  his  new  capacity  at  ESC, 
Peressini  w’ill  be  engaged  in  the  de¬ 
sign  and  development  of  the  com¬ 
pany’s  line  of  custom-built  and 
stock  pulse  transformers,  pulse¬ 
forming  nehvorks  and  miniature 
plug-in  encapsulated  circuit  as¬ 
semblies. 


Plastics  Firm 
To  Expand 

Northwest  Plastics,  Inc.,  St.  Paul. 
Minn.,  is  already  planning  to 
double  the  size  of  its  recently  built 
I  facility  at  Gastonia,  N.  C. 

The  subsidiary  factory,  called 
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Potentiometer  easily  withstands 


CYCLE  VIBRATION! 


another  result  of 

“DYNAMIC 
BAUNCE"  * 


Palladium 

allay 

canloct 


Insulating 

bushing 


New  electromechanical  innova¬ 
tion  assures  potentiometer  per¬ 
formance  of  highest  precision  .  .  . 
electronically  and  mechanically! 
Arm  is  dynamically  bedanced  on 
shaft  .  .  .  contact  assembly  dy¬ 
namically  balanced  on  arm.  The 
"maximum  precision”  potenti¬ 
ometer  offering  wanted  perform¬ 
ance  charactei^ics: 


Writ*  today 
for  compUt* 
information 
on  Ih*  1000 
Sorias 


(kintronic 


*  Continuous  oporotion  at 
2000  cyclo  vibration  at 
30  g's 

*  5,000,000  cyclo  lifo 

*  Up  to  3,425  RPM  oporat- 
ing  spoods 

*Patont  Ponding 

DIvlolen  of 

1—  g  —  Chicago  Aorlal 
fmeC  Induatrioa,  Inc. 


10265  Franklin  Avonu''  '  Franklin  Park,  Illinois 
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.01389 


.00902 


.01786 


.01160 


.02083 


.02500 


.01624 


United  ElectroDynamics,  Pasa¬ 
dena,  Calif.,  has  opened  a  new 
faeility  in  Monterey  Park,  Calif., 
to  be  called  the  United  Testing 
Laboratories.  The  new  facility  en¬ 
compasses  30,000  sq  ft  of  which 


I  let  Williams 
I  help  you  apply 


Northwest  Plastics  of  Carolina,  Inc., 
is  operating  at  near  capacity  with 
50  employees.  Plans  call  for  a 
10,000  sq  ft  addition  to  the  Gas¬ 
tonia  plant  which  turns  out  elec¬ 
trolytic  capacitor  enclosures. 

J.  R.  Freyermuth,  president  of 
the  parent  company  in  St.  Paul, 
looks  for  ground  to  be  broken  in  the 
very  near  future.  The  initial  $225,- 
000  factory  was  so  designed  on  its 
11 -acre  site  that  it  could  be  en¬ 
larged  on  any  of  its  sides. 


COLORS  6-  PIGMENTS 


C.  K.  WILLIAMS  &  CO 


Pa.  •  lost  St.  Lauit,  IH. 
Emeryville,  Cal. 


L®*”!  Major  I  Pitch  |  Minor  I  p  .  \ 

120  !  0.034  1 0.0286  l0.0260  0.00833  '0.00400 
80  1 0.047  ! 0.0403  U0326  0  01111  io.00721 
80  I  .060^  .0519:  .0438  .01250  .00812 


SIZE 


to  the  manufacture 
of  your 


cmni 

modu.cts 

tosfc: 


1^1 


7,500  sq  ft  will  be  devoted  to  at¬ 
mospheric  controlled  electronic  lab- 


1^9  ^  W*  olfo  Br«*K«  IIN  MaBaatta 
I  Iraa  *•'  **<• 

■  Cara  Mattry,  tha  Ma«aatl«  TaM  la* 

IaarClas  la^aatry  aa4  otiiara.  Writa  lar 
•aaiBlata  tachalaal  lafaraatlaa. 
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Open  Testing 
Lab  in  West 


When  Precision  Counts,,, 

CIRCON  INSTRUMENT 
SCREWS 


CDRCOn 

COMPONENT  CORPORATION 

Santa  Barbara  Municipal  Airport 
Goleta,  California 
Telephone:  Woodland  7-in3 


All  Tolerances  are  per  AN  and  MIL  Specs.  OR  BETTER. 

We  solicit  your  special  and 
non-standard  requirements 

Representatives  in  United  States  and  Canada 
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FERRITES 


it  Precision  from  Head 
to  Thread 

Stainless  Steel  or  Brass 
it  Plated  Ready  for  Use 


Check  These  Dimensions  on 
Fillister  Head  Screws 


Molded  Parts 
Maker  Expands 


General  Products  Corf,  (pic¬ 
ture)  of  Union  Springs,  N.  Y., 
manufacturer  of  terminal  boards, 
cable  assemblies  and  precision 
molded  parts  for  industrial  and  gov¬ 
ernment  applications,  has  com¬ 
pleted  an  extensive  plant  expansion 
program  which  increases  its  floor 
space  over  2i  times  the  original 
area. 

The  new  area  will  house  the 
sales  and  engineering  staff,  general 
offices,  additional  production  areas 
and  a  new  laboratory.  Facilities 
gained  by  the  plant  expansion  pro¬ 
gram  allows  a  much  greater  range 
in  new  product  design  and  devel¬ 
opment. 


You’ll  be  well  repaid  by 
getting  the  facts  on  a  special 
group  of  Piue  Ferric  CMdes, 
developed  by  Williams  es¬ 
pecially  for  use  in  the  manu¬ 
facture  of  ferrites. 


Williams  Ferric  Oxides  analyze 
better  thsm  99%  FejOy.  They 
contain  a  minimum  of  impuri¬ 
ties.  They  are  avEulable  in  a 
broad  range  of  particle  sizes 
smd  shapes.  Among  them^ 
we’re  certein  you’ll  find  one 
that’s  “just  right’’  for  your 
requirements.  The  proper  ap¬ 
plication  of  Ferric  Oxides  to 
the  manufacture  of  Ferrites 
is  our  specialty. 


Tell  us  your  requirements  . . . 
we’ll  gladly  send  samples  for 
test.  Chances  are  good  that 
our  Ferric  Oxide  “Know  How’’ 
can  save  you  considerable 
time  and  money.  Address 
Dept.  25,  C.  K.  WilliEuns  fli 
Co.,  Easton,  Pa. 


it  Largest  Stock  of 
Miniature  Hardware 

it  Immediate 
Shipment 
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oratories,  and  10,500  sq  ft  addi¬ 
tional  floor  space  to  general 
mechanical  and  environmental  test¬ 
ing  area.  The  spacious  site  allows 
for  flexibility  of  indoor  as  well  as 
hazardous  outdoor  testing. 

Robert  D.  Fagaly,  general  mana¬ 
ger,  and  D.  L.  Roelands,  operations 
manager,  head  a  staff  consisting  of 
60  engineers  and  technicians,  sup¬ 
ported  by  an  office  staff  of  10  per¬ 
sons. 

Tlie  complete  facility  is  available 
to  industry  on  either  a  project  per¬ 
formance  or  a  long-term  continuing 
basis. 

Midwest  Firm 
Incorporates 


In  Seymour,  Indiana,  Condenser 
Research  Corp.,  a  subsidiary  of 
Marathon  Electric  Mfg.  Corp.  of 
Wausau.  \\^isc.,  was  recently  in¬ 
corporated. 

james  C.  Cupp  has  been  ap 
pointed  vice  president  and  chief  en¬ 
gineer,  and  Arthur  B.  Mayer,  sales 
manager  of  the  capacitor  making 
firm. 


ACF  Elects  V-P 

Eleciton  of  Henry  A.  Correa  (pic¬ 
ture)  as  vice  president  for  foreign 
operations  of  ACF  Industries,  Ine., 
is  announced.  Associated  with 
Bendix  Aviation  Corp.  since  1945, 
he  most  recently  was  ax  iation  sales 
manager  for  its  International  Divi¬ 
sion. 

Correa  will  coordinate  his  activi- 


TELEPHONE  AND  TELEGRAPH  EQUIPMENT 

Radio  Engineering  Products  is  currently  producing  a  number  of  types  of  equipment, 
electrically  and  mechanically  interchangeable  with  standard  Bell  System  apparatus. 

CARRIER-TELEPHONE  EQUIPMENT 

C5  Carrier-Telephone  Terminal  (J687S6).  A  kit  for  adding  a  fourth  toll-grade  channel 
to  existing  C  systems  is  available.  *  Cl  Carrier-Telephone  Repeater  (J68757)  *  121AC 
Carrier  Line  Filter  *  H  Carrier  Line  Filter  (X66217C). 

CARRIER-TELEGRAPH  EQUIPMENT 

40C1  Carrier-Telegraph  Channel  Terminal  (J70047C)  *  140A1  Carrier  Supply 

(J70036A1,  etc)  *  40AC1  Carrier-Telegraph  Terminal. 

VOICE-FREQUENCY  EQUIPMENT 

VI  Telephone  Repeater  (J68368F)  *  Power  Supply  (J68638A1)  *  VI  Amplifiers 
(J68635E2  and  J68635A2)  •  V3  Amplifier  (J68649A)  •  V-F  Ringers  (J68602,  etc)  • 
Four  Wire  Terminating  Set  (J68625Gi)  *  1C  Volume  Limiter  (J68736C). 

D-C  TELEGRAPH  EQUIPMENT 

1681  Telegraph  Repeater  (J70037B)  *  10E1  Telegraph  Repeater  (J70021 A)  *  12882 
Teletypewriter  Subscriber  ^t  (J70027A). 

TEST  EQUIPMENT 

2A  Toll  Test  Unit  (X63699A)  •  128,  13A,  30A  (J64030A)  and  32A  (J64032A)  Trans¬ 
mission  Measuring  Sets  *  111A2  Relay  Test  Panel  (J66118E)  *  118C2  Telegraph  Trans¬ 
mission  Measuring  Set  (J70069K)  *  163A2  Test  Unit  (J70045B)  *  163C1  Test  Unit 
(J70045D). 

COMPONENTS  AND  ACCESSORIES 

255A  and  209FG  Polar  Relays  *  Repeating  and  Retard  Coils,  several  types  *  184 
185,  230A  and  2308  Jack  Mountings. 


RADIO  ENGINEERING  PRODUCTS 
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ELECTRIQ 


METERS 


SMALL  POWER-UNIT  PANELS, 
INDUSTRIAL  TEST  UNITS, 
COMMUNICATION  EQUIPMENT. 


Catalog  on  Request 


23  CLEAR  PLASTIC  4)4  X  4M 


BEEDE 


ELECTRICAL  INSTRUMENT  CO.,  INC 

PENACOOK,  N.  H. 


DELAY  LINES 

standard  or  specially  designed 

BY  TECHNITROL 


ties  with  those  of  the  ACF  operat¬ 
ing  divisions  in  marketing  the  com¬ 
pany’s  products  abroad,  including 
railroad  equipment,  nuclear  re¬ 
actors,  valves,  flight  simulators,  and 
other  training  devices,  electronic 
equipment  and  aircraft  and  missile 
parts  and  components.  He  will 
make  his  headquarters  in  New 
York. 


These  extra-compact  delay  lines  assure  a  minimum 
of  pulse  distortion  with  maximum  stability  under 
ambient  temperatures . . .  and  in  a  minimum  of  space. 
They  can  be  had  pencil-thin  in  plug-in,  pig  tail  or 
fuse-clip  mounting.  Available  cased  or  dip-coated  in 
epoxy  resin  as  well  as  hermetically-sealed  units  for 
military  application  . . .  with  any  desired  characteris¬ 
tics  of  impedance  or  frequency  response.  Typical  are: 


•  Delay:  0.01  to  6  /ts 

«  Characteristic  Impedance: 
400  to  5600  ohms 

e  Band  Pass  Characteristics: 
Unique  windings  furnish 
maximum  band  width  for 
given  delay  per  inch. 


We  are  prepared  to  design  lumped  constant  or 
distributed  constant  delay  lines  for  your  par¬ 
ticular  circuit  applications. 


Write  today 
for  Bulletin 
E  174. 
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Add  to  Filters 
Staff 

In  Port  Washington,  N.  Y.,  Filtors, 
Inc.,  manufacturer  of  hermetically 
scaled  subminiaturc  relays,  adds 
Michael  Giordano  (picture)  to  its 
engineering  staff. 

Prior  to  joining  Filtors,  Giordano 
was  associated  with  The  Naglcr 
Helicopter  Co.  as  consulting  staff 
engineer.  His  background  includes 
an  eight  year  association  with  the 
Grumman  Aircraft  Corp.  as  mis¬ 
siles  design  and  materials  engineer 
and  as  test  engineer  for  the  engine 
division  of  the  Fairchild  Airplane 
and  Engine  Corp. 


Clevite  Fills 
New  Post 

Newly  created  post  of  production 
manager  at  Clevite  Transistor  Prod¬ 
ucts,  W’altham,  Mass.,  is  taken  over 
by  Albert  J.  Hardier.  The  position 
was  created  in  a  move  to  expand 
production  of  recently  announced 
silicon-germanium  alloy  diodes  and 
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quotation 


CHRISTIE 

SILICON 

POWER 

RECTIFIERS 

Avoilobl*  in  Industrial 
and  Military  typas.  Mili¬ 
tary  typ«  meats  specs 
MIL-E-4970  and  MIL-I- 
6181.  Other  statianary 
and  mobile  styles  avail- 
obla  up  to  1500  Amps. 
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CHRISTIE  ELECTRIC  CORP 

Dept.  EL,  3410  W.  67th  St.,  lot  Angeles  43 
Over  a  Quarter  Ctnfury  of  Rectifier  Manufacturing 


H.CROSS  CO. 


15  BEEKMAN  ST..  N  Y.  38,  N  Y 
worth  2.2044 
COrtlondt  7  0470 
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Several  pages  of  Jones 
Catalog  No.  21  illBstrate 
standard  and  special 
panels  we  are  constantly 
ipecifications  producing.  Latest  spe- 

lor  prompt  cial  equipment  enables 

us  promptly  to  produce 
practically  any  panel  re¬ 
quired.  Send  print  or 
description  for  prices, 
without  obligation.  Hun¬ 
dreds  of  standard  ter¬ 
minal  strips  also  listed. 
Send  for  Catalog  21  with 
engineering  drawings  and 
data. 


Send  your 


JONES  MEANS  Preven  OUALITY 


Write  for 
Bulletin 
AC-58-A 


APST-Vi  WAH,  APXT-V^  WAH  AND  APCT-1  WAH 
SALES  OFFICES  AND  DISTRIBUTORS 


Factory  Delivery,  other  than  stock  values: 
1/10,  1/5,  1/4,  1/2,  1,  2  and  5  Watt 


Hundreds  of  standard 

JONES 

lERMINAL  PANELS 

Complete  equipment  for 


SPECIALS 


Howard  B.  Jones  Division 


Miff- 


For 

Missile 

Testing 

and  general  use 

30  to  300  Amps 

•  Closely 
Regulated 

•  Fast  Response 

•  Underwriters 
Approved 

•  Rigid  Quality 
Control 


RIBBONS -STRIPS 


IMMEDIATE  DELIVERY 

(Small  Quantity) 


RECISION  CARBON  L^EPOSITED  IXESISTORS 


ALLIES'  PRODUCTS  CORPORATION 
P.  O.  Box  188,  Kendall  Branch,  Miami,  Florida 

BROCHURE  SUPPLIED  UPON  REQUEST. 


Tempemore  eocOdcBt  charaoUr- 
Istics  for  ALPT — 1  watt  rocUtor 


DmUnc  car?*,  for  ALPT->1  watt 
resistor 


STANDARD  RESISTORS  ±1%  TOLERANCE  IN  10%  RMA 
VALUES  FROM  10  OHMS  TO  2.7  MEGOHMS 


of 

it  PURE  TUNGSTEN  ^  THORIATED  TUNGSTEN 

i  MOLYBDENUM  if  SPECIAL  AUOYS 

and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLING  TECHNIQUE 

Note:  for  highly  engineered  application*— etrips  of  TUNGSTEN 
and  some  other  metals  can  be  supplied 

•  Finish:  Roll  Finish— Black  or  Cleaned 

•  Ribbons  may  be  supplied  in  Mg.  weights  if  required 

For  HIGHLY  ENGINEERED  APPLICATIONS 

DEVELOPED  AND  MANUFACTURH)  BY 


— - 

MoGRAW-HILL 

OIRECT  MAIL  LIST  SERVICE 


•  •  •  So  Uso 

^A.  W.  HAYDON 

company’s 

SUB-MINIATURE  HERMETIC 

ELAPSED  TIME  INDICATORS. 

You,  too,  can  afford  the  space  to  keep  track 
of  time!  From  now  on,  these  really  small 
Elapsed  Time  Indicators  will  keep 
company  with  the  best  of  Electronic  Miracles. 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists... 

Probably  no  othar  organliatlon  U  at  wall  aquippad  at 
McGraw-Hill  to  tolva  tha  complleatad  problam  of  list 
matntananca  during  thii  pariod  of  unparallalad  changa 
In  Industrial  partonnal. 

McGraw-Hill  Mailing  Lists  covar  most  mafor  Indus- 
trias.  Thay  ara  compilad  from  axclutiva  sourcas,  and 
ara  batad  on  hundradt  of  thousands  of  mail  qu^ion- 
nairat  and  tha  raports  of  a  nation-wida  fiald  staff.  All 
namas  ara  guarantaad  accurata  within  2%. 

Whan  planning  your  diract  mail  advartlslng  and  salas 
promotion,  consTdar  this  uniqua  and  aconomlcal  tarvica 
in  ralation  to  your  product.  Datails  on  raquast. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  West  42nd  Straot  Naw  York,  36,  Naw  York 


DE  MORNAY-BONARDI 


BONARDI  /?•  j  • 

iirst  in 

ultramicrowave 

equipment 


A  complete  line  of  research  instruments 
covering  frequencies  up  to  90,000  me . . . 
proved  in  lalwratories  the  country  over. 


PtMORNAY 


BONARDI  I 


other  diodes  and  transistors. 

Harcher  was  formerly  associated 
with  CBS-Hytron,  serving  as  plant 
manager  of  both  Newburyport  and 
Kalamazoo  tv  picture  tube  opera¬ 
tions.  Earlier  he  had  served  the 
company  as  temporary  plant  man¬ 
ager  in  Lowell,  Mass.,  and  as  chief 
engineer  in  charge  of  developing 
rectangular  tv  picture  tubes. 

His  professional  career  started 
with  Westinghouse  research  lab¬ 
oratories.  He  also  served  as  a  de¬ 
velopment  engineer  for  RCA,  and 
as  chief  engineer  for  Lansdale 
Tube  Co. 


Fite  Joins 
Burroughs 


OE  MORNAV-BONAROI  •  780  SOUTH  ARROYO  PARKWAY  •  PASADENA.  CALIFORNIA 


Retired  U.  S.  Army  Colonel, 
Randolph  V.  Fite  (picture),  who 
set  up  the  Munich  relay  station  for 
the  Voice  of  America  and  devel¬ 
oped  various  radar  warning  and 
tracking  systems  for  the  Army,  has 
joined  the  Burroughs  Corp.  Re¬ 
search  Center  in  Paoli,  Pa.  He  will 
serve  in  an  advisory  capacity  to  the 
manager  of  the  special  products 
division  which  is  responsible  for 
research  and  development  of  secret 
military  equipment  and  systems. 


Aerophysics  Ups 
Steinhoff 

Newly  appointed  associate  techni¬ 
cal  director  at  Aerophysics  Devel¬ 
opment  Corp.,  Santa  Barbara, 
Calif.,  is  Ernst  Steinhoff. 

With  more  than  24  years  of  ad- 
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WITH 


GUOfeROD 


COMPONENTS  DIVISION 


CANADA  LIMITED 


301  Windsor  St,  Halifax,  N.  S. 

8230  Mayr&nd  St.,  Montreal,  Quc. 

64SA  Yonge  St,  Toronto,  Ont. 

Corporation  House.  160  Laurier  West,  Ottawa,  Ont. 


vanced  experience  in  aeronautical 
and  missile  engineering  in  the  U.  S. 
and  Europe,  Steinhoff  has  been  de¬ 
partment  manager  of  Air  Force  Mis¬ 
sile  Projects  at  Aerophysics,  a  posi¬ 
tion  he  will  retain. 


GUDEBROD 
BRAIDED 
NYLON 
LACING 
TAPES  ARE 
EASY  TO  TIE: 
WON'T  SLIP- 
EASY  ON 
THE  HANDS: 
WON'T  CHAFE- 
EASY  TO  SEE: 
COLOR-CODED 


Tiro*Asla  Flsad  Yoka 

Componant  Development 
Engineering  at  its  BEST! 

•  ADViUiaZ)  ELECTRICAL  DESIGN 
•  mSCIglON  MECHANICAL  DESIGN 
•  AdCXlRATE  PRODUCTION  METHODS 


Custom  Built  to  tho  most 
^acting  Spsciflcstions 
by  Coasor  Ehginssm 

la  MnSBS^  Cotes  lee  Optimum  Oeemetry 
la  fewllU  Cores  for  Speed  and  Seaeltivity 

in  IfeP-mAgnAtle  Cotee  for  Perfeettoa  of  Reopenae 


Any  si  Coaaor'a  Three  Core  Tirpet  can  be 
made  ra  tingle  or  double  axU  with  sln^e  or 
poeh'PuD  windings,  and  encapaulated  for 
fixed  or  ellp  ring  (routing)  use. 


Normal  characteristics  of  yokes  for  l«l/2  In. 
aeck  tubes  arg: 

Po^tkmal  accuracy  •  the  spot  position  will  con* 
form  to  the  yoke  current 
^  co-ordinates  within  0.2S% 

.  ^  of  tube  diameter.  For  d^ 

flection  angles  less  thmn 
'  \  1 25®  better  accuracy  can 

easily  be  achieved. 

Metnory  «  0.5%  max.  without  over¬ 

swing; 

0.1%  or  less  with  controlled 
^  ''  w  overswing. 


Cocx9iete  cncapsi^tion  in  epoxy  (stycast)  or 
iUicooe  sesias  is  standftd  for  all  Cossor  deflecUon 
yokes,  and  is  done  with  special  moulding  tools 
ensuring  accurate  alignment  of  the  yoke  axis.  When 
slip  rings  are  added,  w^d  silver  rings  are  mounted 
in  encapsulating  rei^.  The  finished  slip  ring  yoke 
is  predion  turned  to  c^nre  bore,  and  can  include 
bswing  mounting  surfKes  with  dimensional  toler* 
ances  appcoarhiag  tboae  asaociable  with  high  quality 


Gudebrod  flat  braided  lacing 
tapes  hold  harness  securely — 
no  bite-through  or  slip,  yet  are 
easy  on  the  hands.  Some  resist 
high  temperature,  some  are 
color-coded  . . .  and  they  come 
wax-coated  or  wax-free  .  .  . 
rubber-coated  ...  or  with  spe¬ 
cial  coating.  Gudebrod  makes 
many  tapes  for  many  pur¬ 
poses,  including  defense  work. 
Send  us  your  lacing  problems 
or  your  specifications  .  .  .  we 
con  supply  the  answer  to  both. 


Form  New  Firm 
In  California 


1X0 


In  Herurlee 


BeiwIUefiy  dapmaa/  mUherAperta 


Tn^uftATice  •  milUhenriM 
AceaSvator  Valtaga  >  kV 


A  NEW  electronic  systems  manufac¬ 
turing  and  development  company, 
Moore  Associates,  Inc.,  has  been 
founded  in  Redwood  City,  Calif. 
Its  president  is  Albert  L.  Robinson 
(pictured  at  top)  who  has  been  a 
member  of  the  research  staff  of  Bell 
Telephone  Laboratories  for  the 
past  21  years. 

Vice  president  of  the  new  firm 
is  James  B.  Bullock  (shown  be¬ 
low),  formerly  with  Electrical 
Communications,  Ltd.  of  San 
Francisco. 

Chief  Engineer  is  Laurence 
Moore,  until  recently  a  project  en¬ 
gineer  with  Levinthal  Electronics 
in  Pak)  Alto. 

Moore  Associates  is  specializing 


GUDELACE  •  GUDE-mACE 
GUDELACEH  •  TEFLACE 


6UDEBR0D  BROS.  SILK  CO.,  INC. 

ELECTRONICS  DIVISION 
225  W.  34th  St.,  N«w  York  1,  N.  Y. 

EXECUTIVE  OFFICES 
12  South  12th  St.,  Phlladolphia  7,  Pa. 
CIRCLE  1A5  READERS  SERVICE  CARD 
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•  tape  recorder  •  P.  A.  system 

•  portable  TV  set  •  hand  tools 

FROM  YOUR  CAR,  Boat  or  Plane! 


SEE  YOUR  JOBBER  OR  WRITE  FACTORY 


in  the  manufacture  of  transistor¬ 
ized  telemetering  and  remote  con¬ 
trol  equipment  for  rail,  petroleum, 
chemical  and  utilities  industries. 
The  company  also  anticipates  entry' 
into  the  data  reduction  field  at  an 
early  date. 


precious 
mefal 
metallurgy 
works  for 


GAC  Forms  an 
Affiliate 

General  Afronics  Corp.,  Bala- 
Cynwyd,  Pa.,  a  consulting,  research 
and  development  firm,  has  formed 
an  affiliated  company,  Atronic  Prod¬ 
ucts,  Inc. 

A  typical  equipment  of  Atronic 
Products  is  an  automatic  sequential 
tester,  for  checking  printed  circuit 
cards  at  the  end  of  a  production 
line.  The  prototype  of  the  tester, 
recently  completed  by  General 
Atronics,  is  capable  of  carrying  out 
as  many  as  360  electrical  tests, 
within  two  minutes,  on  the  circuits 
being  tested. 


FOR  CMANGINe  YOUR  STORAGE 
lATnRY  CURRENT  TO 

A.e.  HOU«HO« 

anywhere •••'  Y  Plane! 


FOKTAlie  TV  SET 
y  n  dirttlly  from  your  carl 


OFBRATKS  . 

•  tah  recorders 

a  DICTATING  rt)  L  iA. 

MACHINES 

•  PUBLIC  ADDRESS  G 

SrSTEMS  n 

•  ELECTRIC  SHAVmS 
dirodly  from  your  carl 

MAKE  YOUR  CAR,  BOAT  OR  PLANE 

*‘A  ROLLINO  OPFICKI” 


The  J.  M.  Ney  Company,  with 
more  than  146  years  in  the  highly 
specialized  precious  metal  busi¬ 
ness,  has  gathered  a  wide  back¬ 
ground  of  information  for  ana¬ 
lyzing  the  properties  and  uses  of 
precious  metal  alloys  and  devel¬ 
oping  alloys  for  specific  applica¬ 
tions. 

With  facilities  for  subjecting  ex¬ 
perimental  and  standard  alloys  to 
a  full  range  of  physical,  electrical, 
and  metallurgical  tests  as  well  as 
tests  simulating  actual  and  accel¬ 
erated  conditions,  Ney  offers  a 
valuable  service  to  the  rapidly 
growing  electronics  industry. 

Coupled  with  the  development 
help  that  Ney  offers  are  extensive 
manufacturing  facilities  for  the 
production  of  materials  and  small 
precious  metal  parts  in  either 
standard  shapes  or  to  customer 
specifications.  We  are  also  pre¬ 
pared  to  give  engineering  advice 
on  general  design  characteristics 
and  suggest  the  proper  alloy  for 
your  use.  Our  catalog  describing 
our  proprietary  alloys,  line  of 
standard  contacts,  resistance  wires, 
and  engineering  services  is  avail¬ 
able  on  request. 


OPERATES 

•  RADIOS 

•  RECORD  PLAYCKS 

•  MIXMASTERS.ETC. 
directly  from  your  corf 


out 

'fr  sight  under 
^^ash  or  in 
trunk 

compartment 


Especially  designed  to  change  6  or  12  volt 
D.C  to  1 1 0  volt  A.C.  60  cycles. 


•  EXECUTIVES  e  FOUCEMEN 

e  SALESMEN  e  REPORTERS 

•  OUTDOOR  MEN  e  FIREMEN 

•  PUBUC  OFFICIALS 

MODELS  6U.RHG  (6  voits)  1 2S  to  I  SO  watts.  Shipping 

weight  27  lbs.  list  price . $89.9S 

DEALER  NET  PRICE . $59.97 

l2U-ltHG  (12  volts)  ISO  to  175  watts.  Shipping  weight 

27  lbs.  list  price . $89.95 

DEALER  NET  PRICE . $59.97 

Write  for  liloraluro  on  other  Sises  and  Models 
of  ATR  INVERTERS,  priced  os  low  as  $9.95  lift. 


A.  A.  Ward  (picture)  executive 
\  ice  president  and  direetor  of  Altec 
Companies,  Inc.,  has  been  elected 
president  of  the  organization. 

He  worked  four  years  for  the 
Southwestern  Bell  Telephone  Co. 
in  Houston,  Te.xas,  and  in  1929, 
joined  Electrieal  Research  Prod¬ 
ucts  Inc.  to  install  and  service 


V'NEW  MODELS  VNEW  DESIGNS  -v/NEW  LITERATURE 
‘A”  laltcry  BimiMtors  •  DC-AC  Isfertert  •  Anto  Radio  Vibrator 

Amiricam  Teuvisioh  »  Radio  Co. 
iZtuUittf  Sittec 

5AINT  PAUL  1,  MINNESOTA,  U.  S.  K 
CIRCLE«-166  READERS  SERVICE  CARO 


P.O.  Box  990,  Dept.  E,  Hartford  I,  Conn. 
CIRCLE  167  READERS  SERVICE  CARD 
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NOVAl 


theatre  sound  equipment.  In  the 
mid-thirties,  \\'ard  was  transferred 
to  New  York  in  eommercial  engi- 
nctring. 

In  1937,  Ward  became  head  of 
spccialh'  engineering  with  the 
newly  formed  Altec  SeiA’ice  Co. 
When  Altec  Lansing  Corp.  was 
formed  in  1941,  he  became  general 
manager  and  in  1943,  was  elected 
vice  president  and  director.  In 
1945  he  was  elected  executive  v-p 
and  also  v-p  and  director  of  Altec 
Service  Co.  In  1956  came  the  for¬ 
mation  of  Altcc  Companies.  Inc., 
parent  group  for  Altec  Lansing 
Corp.  and  its  divisions,  with  Ward 
being  elected  v-p  and  director.  He 
became  executive  v-p  for  the  parent 
company  early  in  1957. 

\\'ard  will  maintain  offices  in  the 
new  Altec  Lansing  Corp.  head¬ 
quarters  in  Anaheim,  Calif.,  where 
Altcc  sound  equipment  is  manu¬ 
factured. 


Model  “YE"  by 

^  D  U  RAN  T 

Offered  in  TWO  STYLES: 

1.  Quick  PUSH-BUTTON  RESET 

2.  Electric  REMOTE  RESET 

Firtt  high-tpetd  «l«ctr!cally  actuated  counters  with 
added  advantage  of  electric  reset.  Clean-cut,  legi¬ 
ble  3/16*  figures,  while  on  block.  Ideal  for  all 
high-speed  electric  counting  applications —  accu¬ 
rate  at  high,  low  or  intermediate  speeds.  ^ 

DURANT  MANUFACTURINC  CO.  ^ 

1912  N.  Butfum  Sr.  12  Thurbers  Ave. 

Mllwoukee  I,  Wi».  Providence  5,  *.  I. 

Pepretenrerives  In  frintipal  Ciliti 


ALASKA  GRAY 
AND  SEAL  BROWN 


Compact,  with  great  rigidity  —  en¬ 
tirely  enclosed  ogoinst  dust  and 
moisture.  Base  or  panel  mount. 
Speeds  to  1500  C.P.M. 


Mundie  Joins 
Bendix 

Bendix  Aviation  Corp.  has  ap¬ 
pointed  Lloyd  G.  Mundie  head  of 
the  infrared  department  of  the  Ben¬ 
dix  systems  division. 

Mundie  will  be  in  charge  of  a 
program  devoted  to  research  in  in¬ 
frared  physics  and  the  development 
of  devices  utilizing  infrared  radia¬ 
tion  in  the  accomplishment  of  mili¬ 
tary  and  industrial  objectives. 


PRODUCT!  METERS 


SINCE  1879 

/ 
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A  NEW  CRYSTAL  UNIT  WITH 
EXCEPTIONAL  STABILITY  AND 
PRECISION  IN  RANGE 
4  k(  TO  3000  k( 


GTC  Upgrades 
Cohen 

General  Transistor  Corp.,  Ja¬ 
maica,  N.  Y.,  appoints  Bernard 


RANGE 

1  *  1  ■  1 

4-85  kc 

2" 

IES9 

85-150  kc 

1%** 

IDQi 

150-3000  kc 

IVi" 

i'BM 

1  luN  all-glass  vacuum  mounted 
crvstal  unit  provides  maximum 
stability,  with  low  ctfective  scries 
resistance,  in  the  range  between 
4  ke  and  3()()()  ke. 

For  example,  in  the  rangeisOO  ke  ti>  30()t) 
ke.  stability  of  4  parts  in  100  million  (4x  1 0  *) 
per  day  ean  be  obtained  when  used  with 
temperature  control  that  holds  •  0.1  °(’,  l.'n- 
der  these  conditions  ageing  will  not  exceed 
2  parts  in  100  million  per  day. 

Supplied  for  oven  or  non-oven  operation. 

SPECIFY  BLILEY  BG7  SERIES. 

BLILEY  ELECTRIC  CO. 

UNION  STATION  BUILDING  •  ERIE,  PA. 
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New  Produch  included  in  new  Catalog  No. 
12  create  the  most  extensive  line  available. 


— 

Model 

No. 

Frequency 

Range 

(mcs.) 

Power  Range 
Incident  &  Reflected 
(watts) 

RF  Connectors 
and 

fmpwlince 

261" 

0.5  -  225 

0-1000 

Type83>1R  52  ohms 

262 

. 

0  -  1 000  (relative) 

Indicator  only 

263 

0.5  -  225 

0  -  1 0;  1 00;  1 000 

Type  N*  52  ohms 

702N 

2B-2000 

0-4 

Typo  N*  52  ohms 

703N 

20-2000 

0-12 

Typo  N*  52  ohms 

A70SN 

20  -  2000 

0-120 

Typo  N*  52  ohms 

A706N 

28-2000 

0-400 

Typo  N*  52  ohms 

7I1N 

25-1000 

0-30;  75;  300 

N  plus  63-1R  Adaptors 

A722N 

1000-3000 

0-4 

Typo  N  52  ohms 

A723N 

1 000  -  3000 

0-12 

Typo  N  52  ohms 

405B8 

28-2000 

0  -  4000 

IH'  Hongo  51.5  ohms 

445A9 

28  -  2000 

0  - 1 2,000 

3H'  Flongo  50.0  ohms 

.  445 A10 

20-2000 

0  -  40,000 

3H*  Flange  50.0  ohms 

Model 

No. 

576N1 

576N3 

AS76N4 

S76N6 

AS92N 

A593N 

402BB 

442A9 

442AI0 


Model 

No. 

3I3N3 

313N4 

313NS 

3I3N6 

A442A40 


Frequency 

Range 

(mcs.) 

Power  Range 

Incident  &  Reflected 
(watts) 

42  -  2000 

1.2 

20-2000 

0-12 

46  -  2000 

0-40 

28  -  2000 

0-400 

1 000  -  3000 

0-4 

1000  -  3000 

0-12 

28-2000 

0  -  4,000 

28  -  2000 

0  •  1 2,000 

20  -  2000 

0  -  40,000 

Frequency 

Range 

(mcs.) 

Coupling 

Attenuation 

300-2000 

30  db 

1 20  -  2000 

40  db 

60-2000 

50  db 

30-2000 

60  db 

200-1000 

40  db 

Frequency 

Range 

(mcs.) 

Power 

Range 

(ware) 

1  to  over  1 000 

0-120  milliwatts 

1  to  over  1 000 

0-4 

50- 1000 

0-120 

25-1000 

0-25;  100;  500 

50-1000 

0-1200 

44-1000 

0  -  6000 

Frequency 

Range 

(mcs.) 

RF  Power 

Dissipation 

(watts) 

3000 

50  (oir  coaled) 

3000 

200  “  “ 

3000 

600  “  “ 

2000 

600  “  “ 

2000 

6000  (water  cooled) 

Power 

Range 

_ (ware) _ 

0-3j  10;  30;  100;  300 


RF  Connectors 
and 

_ Impedance _ 

Type  N*  52  ohms 

Type  N*  52  ohms 

Type  N*  52  ohms 

Type  N*  52  ohms 

Type  N  52  ohms 

Type  N  52  ohms 

IH'  Range  51.5  ohms 

3H'  Flange  50.0  ohms 

3%’  Flange  50.0  ohms 


RF  Connectors 
and 

_ Impedance _ 

Type  N*  52  ohms 
Type  N*  52  ohms 
Type  N*  52  ohms 
Type  N*  52  ohms 
3V4'  Flange  50.0  ohms 


RF  Connectors 
and 

_ Impedance _ 

Type  N*  52  ohms 

Type  N*  52  ohms 

Type  C  50  ohms 

Type  N  52  ohms 

314'  Flange  50  ohms 
314'  Fksnge  50  ohms 


RF  Connectors 
and 

_ Impedance _ 

Type  N*  52  ohms 
Type  N*  52  ohms 
Type  N*  52  ohms 
314'  Flange  50.0  ohms 
314'  Flange  50.0  ohms 


RF  Connectors 
and 

Impedance 
Type  N  52  ohms 


ANew  products 


'Also  available  with  UHF,  C,  and  HN  Connectors. 


Cohen  (pictured  on  p  191)  as  vice- 
president  and  director  of  the  newly 
expanded  engineering  division. 

Cohen,  formerly  vice-president 
and  chief  engineer,  is  now  responsi¬ 
ble  for  all  technical  seniccs  to  the 
corporation,  including  manufac¬ 
turing  processes,  quality  control  and 
equipment  design  for  all  four  of 
the  company’s  operating  plants  in 
Jamaica,  L.  1.,  N.  Y. 


News  of  Reps 

Systems  control  and  data  handling 
for  the  Beckman  Systems  Division 
is  being  handled  by  LeeMark  Asso¬ 
ciates,  engineering  reps  in  Kansas. 
Missouri  and  Nebraska.  A  new 
Den\er  office  extends  technioil 
liaison  to  the  Colorado  area. 

Metallic  rectifier  manufacturer, 
Bradley  Laboratories,  Inc.,  New 
Haven,  Conn.,  gives  the  nod  to 
John  E.  Boeing  Co.,  Arlington, 
Mass.,  as  New  England  reps. 

Thermo  Materials,  Inc.,  Menlo 
Park,  Calif.,  manufacturer  of  in¬ 
dustrial  ceramics,  names  six  reps  in 
the  west.  They  include:  Cerruti  & 
Hunter  Associates,  Redwood  City, 
Calif.;  Chafin  &  Champion  Asso¬ 
ciates,  Los  Angeles,  Calif.;  Carl  G. 
Chafin  Co.,  San  Diego,  Calif.; 
Charles  Morrow,  Phoenix,  Ariz.; 
Paul  Feeger,  Denver,  Col.;  and  Ed 
Brooks,  Albuquerque,  N.  M. 

The  Gilette  Engineering  Go,  of 
Phoenix,  Ariz.,  is  appointed  sales 
representative  in  Arizona  and  New 
Mexico  for  Westport  Electric,  El 
Segundo,  Calif. 

George  W.  Ledbetter  and  Asso¬ 
ciates  is  now  the  exclusive  engineer¬ 
ing  sales  representatise  for  Ryan 
Industries  Division  in  the  states  of 
California  and  Washington.  The 
division,  recently  acquired  by 
Lundy  from  Textron,  Inc.,  makes 
chaff  counter-measures  systems  and 
manufactures  all  the  integral  parts 
for  this  radar  jamming  device. 

New  rep  firm.  Nelson  Instrument 
Co.,  Evanston,  Ill.,  offers  sales 
and/  or  serx  ice  representation  in  the 
midwest  area  covering  Illinois, 
Wisconsin,  Indiana  and  Iowa. 
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NOT  A  SUBSTITUTE! 


bore's  the 
real  thing  .  , 

The 

KURMAN 

P255A 

POLAR 

RELAY 


•  Unconditionally  approved  as  an  equal  to 
the  W.E.  253A  by  both  Government  and 
Industry. 

•  Na  modifications  required  for  existing 
field  equipment  or  techniques. 

B  No  adapters  necessary — standard  con- 


NOW  we  can  meet  the 
demand  for 


PACE 


^  OF 

METERS! 

2"  TO  7"  SIZES 


No  adapters  necessary— 
necting  blocks  available. 


<  Variations  are  available  including  ultra¬ 
sensitivity  down  to  5  micro  watts. 

IMMEDIATE  DELIVERY  FROM  STOCK! 

The  complete  line  of  Kurman  relays,  manu¬ 
factured  to  commercial  or  military  specifi¬ 
cations,  are  interchangeable  with  other 
leading  makes. 

Send  to  Dept.  E  for  complete  catalog 


ELECTRIC  CO. 

Division  of  Norbute  Corp. 

191  Newel  St.,  Brooklyn  22,  N.  Y.,  EV  3-BOOO 
Manufaefunr  of  Quality  Belays  .  .  .  Since  1928 
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Expanded  plant  .  .  .  increased  staff  .  .  .  New,  improved 
automation  techniques  ...  to  meet  the  demand  of  elec¬ 
tronic  equipment  manufacturers  for  custom  produced  panel 
meters,  in  production  quantities. 

PACE  meters  are  manufactured  under  rigidly  controlled 
climatic  conditions  to  meet  critical  specifications  as  to  sen¬ 
sitivity,  resistance,  damping,  response  time,  illumination, 
scaleplate  design,  etc. 

S«nd  for  lolosl  illustrolod  catalog,  ovailablo  upon  roquosl. 

Wrilo,  wiro  or  phono  for  oppllcotioni  onginooring,  consultation  and  ossittancol 


l^ACE) ELECTRICAL  INSTRUMENTS  CO.. INC 


o  Dirilion  of  Brocision  Apparatus  Co.,  Inc. 

70-31  84th  Street,  Glendale  27,  LI.,  N.Y. 

Exporti  Morhon  Exporting  Carp.,  458  troodwoy,  N.Y.  13,  N.Y. 
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a  cower 


/^\\  it’s^ 
TOWERS  you 
need,  check 
ROHN  j 
S.  FIRST!^ 


AMERICA  S  FINEST  > 
COAAMUNICATIONS 
TOWER  OF  ITS  KIND 
. . .  WITH  EXCLUSIVE 
BUILT-IN  ECONOMY^ 


Reduce  Costs 


cifically  for  your  job.  These 
towers  are  suitable  for  use 
up  to  }00  feet  guyed — or 
self  supporting  to  50-60  ft.! 
ROHN  towers  are  in  daily 
use  for  micro-wave,  radio 
and  dozens  of  all  type  com¬ 
munications  requirements 
throughout  the  U.  S. — at 
big  savings — yet  more  than 
do  the  job!  Can  be  used  for 
a  multitude  of  jobs. 


^QWfAManufacturing  Co. 


1116  Limestone,  Bellevue 
Peoria,  Illinois 


a /Special  Towers 

^  — you're  invited  to  sub¬ 

mit  your  requirements. 
Towers  will  be  built  to  your 
specifications  if  practical. 
Let  us  know  your  needs — 
ROHN  can  satisfy  them 
BEST  when  it  comes  to 
towers  of  this  type. 


r  Ulustrattd  here  is  a  micro-watt 
installation  of  Rohn  So.  40  tower  for 
use  by  Public  Stri  ice  Company  of  Colorado 
for  a  state-wide  communications  system — 
one  example  of  the  thousands  of 
V  ROHS  towers  now  in  use.  j 


"Pioneer  Manufacturers  of  TV  and  Com¬ 
munication  Towers  of  All  Kinds." 
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.  /  Proven  design 

^  — get  full  engineering 
data  to  prove  superiority. 
Gleaming,  hot-dipped  gal¬ 
vanized  finish  available — 
stays  shiny  and  new — no 
painting  needed.  Desim 
fully  tested  —  proved  by 
thousands  of  installations. 
Easily  shipped  and  inexpen¬ 
sively  insulled.  Cross  pieces 
form  natural  ladder  for  serv¬ 
icing. 


Send  for  new  "Specifications  & 
Price”  catalog  for  Rohn  Communi¬ 
cations  Towers.  Your  inquiry  will 
receive  prompt  attention.  Rohn 
representatives  are  coast-to-coast  to 
serve  you.  Write — phone — wire 


NEW  BOOKS 


%  snu 

OPERATING 


Television  Engi¬ 
neering  Principles 
and  Practice 
Vol.  II 

By  S.  Ames  and  D.  Birkinshaw 
Philosophical  Librarv,  New  York, 
1956,  268  p,  $10.00.' 

This  book  is  the  second  to  appear 
in  a  series  of  four  volumes  planned 
by  the  British  Broadcasting  Cor¬ 
poration  as  engineering  training 
manuals.  Volume  1,  which  was  pub¬ 
lished  earlier,  treats  such  topics  as 
fundamental  television  principles, 
camera  tubes,  television  optics  and 
electron  optics.  Volume  111  and 
IV,  which  are  in  preparation  will 
cover  waveform  generation  and  a 
wide  range  of  circuit  techniques. 

With  this  background,  it  is  now 
possible  to  turn  to  a  detailed  con¬ 
sideration  of  Volume  II.  Since  the 
book  is  de\otcd  to  video-frcqucncy 
amplification  in  general,  it  will  be 
of  use  to  those  engineers  who  arc 
concerned  with  wide-band  amplifi¬ 
cation  or  transmission  problems. 
Further,  an  extensive  mathematical 
background  is  not  required  for  an 
understanding  of  the  book.  Simple 
derivatives  are  as  involved  as  the 
mathematics  becomes. 

Video-Band  Characteristics— The 
first  chapters  co\cr  a  discussion 
of  the  amplitude  and  phase  char¬ 
acteristics  of  the  \  ideo  band  and 
the  effects  produced  by  depaiturcs 
from  the  ideal.  The  simple  R-C 
coupled  circuit,  effects  on  phase 
shift  at  high  frequencies  due  to 
interstage  shunt  capacity,  low- 
frcqucncy  phase  shift,  envelope-de¬ 
lay  and  square-wa\e  testing  are  but 
a  few  of  the  topics  discussed. 

High-frequency  compensation 
studies  are  confined  to  a  thorough 
investigation  of  the  shunt  and 
series-inductance  peaking  circuits 
and  various  forms  of  cathode  com¬ 
pensation. 

Gain-Bandwidth  product,  cascad¬ 
ing  of  stages,  and  distributed  am¬ 
plification  are  covered  next.  After 
this  there  is  a  very  complete  treat¬ 
ment  of  the  design  of  passive  phase 
equalizers  in  the  lattice,  bridgcd-T 
and  T  forms  as  well  as  the  active 
derivative  equalizer. 

Following  this  is  a  treatment  of 
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Right  now,  you  demand  more  from 
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Used,  and  proved,  for  decades,  oil- 
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effective  convection  of  heat,  excel¬ 
lent  insulating  properties,  complete 
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sealed  types  (with  a  nitrogen  bub¬ 
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transformers.  Gas-free  oil-filled 
types  (with  a  bellows  to  allow  for 
heat  expansion)  withstand  very  high 
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larly  in  high  altitude  service — to 
interesting  savings  in  space  and 
weight. 

We  make  all  sorts  of  transformers 
and  special  assemblies  for  the  com¬ 
munication  industry:  encapsulated, 
cast  in  epoxy  or  foam,  and  just  potted 
in  pitch.  But  oil  transformers  still 
have  an  important  place. 

Whatever  type  you  need,  we’ll  be 
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in  design,  production,  and  quality 
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various  interstage  eoupling  and  de¬ 
coupling  procedures  for  low-fre¬ 
quency  phase  improvement.  In¬ 
cluded  in  these  sections  are  uses 
of  current  feedback  or  degeneration 
for  increasing  the  effective  value 
of  the  grid  resistor,  various  cath¬ 
ode,  screen  and  plate  decoupling 
circuits  and  d-c  coupling  methods. 

Feedback— The  final  chapters 
concern  basic  principles  of  feedback, 
feedback  in  a  single-stage  R-C 
coupled  amplifier  and  feedback  in 
multistage  amplifiers.  Aperiodic 
voltage  and  current  feedback,  crit¬ 
ical  voltage  and  current  feedback. 
ma.\imal  and  optimal  feedback  cal¬ 
culations  are  some  of  the  topics  cov¬ 
ered  under  basic  principles.  Insta¬ 
bility  and  overloading  in  multistage 
feedback  amplifiers  is  also  treated. 

Two  chapters  arc  included  on 
sources  of  noise  in  video  amplifiers 
and  noise  in  camera  head  amplifiers. 

The  book  is  well  written,  has  well 
chosen  mathematical  symbols  and 
presents  the  material  in  a  sim¬ 
ple,  easily  understood,  elementary 
fashion. 

Two  regrettable  omissions,  which 
seem  quite  glaring,  are  the  use  of 
the  sin’  pulse  for  transient  testing 
and  the  shunt-regulated  video  am¬ 
plifier.  Both  of  these  subjects  ap¬ 
pear  to  have  been  well  exploited  in 
England.  The  sin’  pulse  with  great 
potential,  which  is  just  now  begin¬ 
ning  to  be  accepted  in  this  country, 
has  been  known  and  utilized  by  Dr. 
Lewis  and  his  associates  at  the  Post 
Office  Research  Station  for  a  num¬ 
ber  of  years.  In  1951,  V.  J,  Cooper 
treated  the  shunt-regulated  ampli¬ 
fier  in  Wireless  Engineer.  It  is  cer¬ 
tainly  hoped  that  Volume  IV  of 
this  series  will  include  these  two 
topics. — Ralph  G.  Kennedy,  Ad/. 
Assoc.  Prof.  Physics,  Hofstra  Col¬ 
lege,  Hempstead,  N.  Y. 
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This  book  is  an  attempt  to  provide 
a  teaching  text  which  integrates 
steady  state  sinusoidal  and  tran¬ 
sient  analyses  of  cybernetic  devices. 
The  author’s  approach,  while  not 
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entirely  novel,  is,  in  major  outline 
successful.  It  does  represent  mod¬ 
ern  design  techniques,  and  on-the- 
job  advantages  can  be  predicted  to 
accrue  from  welding  mechanical 
and  electrical  viewpoints  and  ter- 
minolog)'. 

Particularly  praiseworthy  are  the 
detailed  treatment  accorded  and 
the  excellent  exercises  which  sam¬ 
ple  the  problems  invoh'cd  in  in¬ 
corporating  the  approach  and  the 
field  into  one’s  thinking. 

Topics— The  subject  material  is 
restricted  to  the  classically  more 
fundamental  topics  in  the  treat¬ 
ment  of  linear  servomechanisms 
with  well-defined  input  data.  There 
is  no  discussion  of  nonlinear  tech¬ 
niques,  sampled  data  systems,  or 
statistical  design  principles  as  ap¬ 
plied  to  cybernetic  devices.  In¬ 
tended,  as  the  author  indicates,  for 
undergraduate  senior  or  first  year 
graduate  student  level  these  limi¬ 
tations  are  probably  well  selected. 
The  book  sers'es  well  its  stated  pur¬ 
pose  as  an  introduction  to  auto¬ 
matic  control. 

TTic  pedagogic  arrangement  of 
the  textual  material  is  exemplified 
in  the  treatment  of  carrier  type 
systems.  Rather  than  store  the  ma¬ 
terial  for  separate  discussion  in  one 
chapter,  the  author  relies  upon  in¬ 
cremental  learning  and  intersperses 
this  material  at  appropriate  spots 
of  his  discussions  of  components, 
block  diagrams  and  compensating 
netw'orks.  In  a  comparable  manner, 
the  book  discusses  proportional, 
derivative  and  integral  controllers, 
giving  the  reader  insight  into  how 
the  stabilizing  networks  he  will 
meet  later  in  studying  Nyquist- 
Bode  plots  and  root-loci  achieve 
approximations  to  these  ideal  con¬ 
trol  characteristics. 

Approach— Typical  of  the  uni¬ 
fied  approach  is  the  introduction  of 
W-plane  or  Bode  diagrams  and 
Nichol’s  charts  concurrent  with 
discussions  of  the  polar  Nyquist 
plots.  Tliis  simplifies  the  study  of 
compensation  in  the  real  frequency 
domain  and  develops  a  clearer  pic¬ 
ture  of  the  inter-relationship  be¬ 
tween  the  various  stability  criteria. 
In  dealing  with  fundamentals, 
concepts  of  analogs-  arc  dcsclopcd 
between  mechanical,  thermal,  h\ 
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draulic  and  electrical  systems.  These 
ideas  are  later  applied  in  the  study 
of  stability  and  transient  response. 

In  all,  the  book  is  recommended 
to  the  engineer  anxious  to  de\  clop 
a  basic  understanding  of  control 
systems  and  is  well  suited  for  adop¬ 
tion  as  a  text  in  a  senior  under¬ 
graduate  or  first  year  graduate 
course  in  automatic  control. — E. 
Nashmax.  Executhe  Engineer. 
Guided  Missile  Laboratoiy,  Fed¬ 
eral  Telecommunication  Lab.,  Nut- 
ley,  N.  f. 
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Theorie  und  Technik 
der  Pulsmodulation 


By  E.  Holzler  and  H.  Holzwarth. 
Springer  Verlag,  Berlin,  1957,  505 
p,  DM  57. 

The  introductory  chapter  to  this 
work  compares  various  tvpes  of 
modulation,  amplitude,  phase,  fre- 
quene\-  and  pulse,  and  analyzes  the 
qualitative  eharacteristics  of  each 
type.  Particular  attention  is  paid 
to  the  seteral  types  of  pulse  modu¬ 
lation. 

Mathematieal  Analysis— Tire  sec¬ 
ond  chapter  treats  the  Fourier 
transform  and  LaPlaee  transform 
theor\’  needed  as  fundamentals  to 
the  pulse  modulation  technique. 
I’he  eircuit  elements  for  pulse 
modulation  systems  are  eonsidered 
in  ehapter  3  and  the  characteristies 
of  pulse  modulation  nehvorks  are 
de\eloped  in  chapter  4.  Effects  of 
noise  is  treated  in  chapter  5  and 
se\eral  pulse  modulation  svstems 
are  treated  in  the  last  chapter. 

A  fairly  practical  level  is  main¬ 
tained  throughout  the  book  and  the 
eircuit  engineer  should  find  this 
work  a  useful  introduction  and  a 
guide  in  the  development  of  pulse 
modulation  circuits  and  systems. — 
M.  Ettenberg,  Sperry  Gyroscope 
Co.  Div.  of  Sperry  Rand  Corp., 
Great  Neck,  N.  Y. 
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S3.90.  Troubleshooting  and  re¬ 
pairing  audio  equipment  for  tech¬ 
nicians  and  audio  enthusiasts. 
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COMMENT 


Credit  WTiere  Due 

I  read  with  interest  the  article 
“Crevasse  Detector  Blazes  Glacial 
Trails”  (Jan.  17,  p  63),  noting 
particularly  the  bridgcd-T  tran¬ 
sistor  oscillator  used  in  the  main 
transmitter. 

It  is  somewhat  surprising  to  me 
that  neither  the  author,  H.  P.  van 
Eckhardt,  nor  your  editors  saw  fit 
to  give  credit  to  the  originator  of 
the  circuit,  P.  G.  Sulzer  of  NBS. 
An  article  by  Mr.  Sulzer,  contain¬ 
ing  virtually  the  same  schematic 
diagram,  appeared  in  Electronics 
in  1953  (“Low  Distortion  Tran¬ 
sistor  Audio  Oscillator.”  Sept.  ’53, 
pl71). 

An  injustice  would  be  done  to 
the  more  recent  author,  however, 
if  it  were  not  pointed  out  that  his 
circuit  docs  contain  one  improve- 
;  ment  upon  the  original.  The  ca- 
I  pacitors  shunting  the  lOK  and  300 
I  ohm  collector  load  resistors  ac- 
I  complish  a  form  of  “dominant  lag” 

1  stabilization  against  high-frequency 
i  oscillation.  Such  oscillation  is 
i|  otherwise  a  substantial  problem 
I  when  the  circuit  is  constructed  us- 
I  ing  transistors  having  better  fre- 
H  (juency  response  than  those  avail- 
?  able  in  1953. 

I  William  L.  Paterson 

^1  Inland  Testing  Laboratories 
j.  Morton  Grove,  III. 
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Coupla  months  back  thataway, 
there  was  quite  an  argument  in 
the  columns  of  “Backtalk”  about 
gravitv.  These  comments  are 
among  the  late  entries  in  the 
argument. 

We  propose  a  somewhat  more 
fundamental  approach. 

Physicists  have  not  only  been 
baffled  by  the  nature  of  magnet¬ 
ism  and  gravitation,  but  also  by 
the  bewildering  array  of  “funda¬ 
mental”  particles  (32),  the  astron¬ 
omers'  red  shift,  and  the  dual 
wave-particle  nature  of  light. 
^Vhen  a  theorv'  starts  to  get  too 
complicated,  it’s  time  to  be  sus¬ 
picious  of  its  validity. 

The  ancients  supposed  all  matter 
to  be  composed  of  a  few  simple 
“elements.”  After  the  medieval 
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workpiece  of  any  dimension 

•  Self-centering  work- 
holder  cuts  down 

•  Heavy  duty 
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Request  our  28-page  il¬ 
lustrated  catalog  ZR-2 
on  your  business  letter¬ 
head. 
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age,  chemists  began  to  recognize 
the  chemical  elements  as  the  “fun¬ 
damental”  particles  of  the  universe. 
Then  came  isotopes  and  radioac¬ 
tive  elements  pointing  to  some¬ 
thing  even  more  fundamental.  But 
why  32  of  them? 

Supptose  we  assume  that  corpus¬ 
cular  particles  are  atomic  in  struc¬ 
ture  and  some  simpler  subcorpus- 
cular  particles  are  their  building 
blocks.  We  could  assume  the  ether 
to  be  a  subcorpuscular  gas.  Hence 
light’s  dual  nature  and  the  maze  of 
corpuscular  particles  might  start 
to  make  a  less  confusing  picture. 
We  might  then  assume  that  mag¬ 
netic  and  electrostatic  fields  are 
some  sort  of  standing-wave  field 
in  this  ether  and  gravitation  a  sort 
of  vortex  field. 

If  some  physicist  could  find  a 
way  to  split  the  corpuscular  par¬ 
ticles  into  pure  energy,  they  might 
find  something  that  would  make 
the  H-bomb  look  like  a  firecracker. 

Ted  Powell 

42  Nassau  Road 
Great  Neck,  L.  I.,  N.  Y. 


The  question  is  always  “How 
well  do  you  know  your  physics?” 

The  essence  of  gravity  has  been 
capably  dealt  with  by  the  late 
Albert  Einstein.  Some  of  us  do  not 
easily  understand  what  Einstein 
had  hold  of. 

Einstein  pointed  out  that  stars 
can  be  of  a  wide  assortment  in 
size,  but  there  is  a  maximum  limit. 
You  cannot  find  a  star  whose  di¬ 
ameter  exceeds  five  light-hours 
Masses  separated  by  a  distance  less 
than  five  light-hours  attract  each 
other;  masses  separated  by  greater 
distances  repel  and  fly  away  from 
each  other. 

Esten  Moen 

Box  693 

Crookston,  Minn. 


My  congratulations  to  the  orig¬ 
inal  thinker  who  confessed  to 
“abysmal  ignorance”  before  jump¬ 
ing  into  this  discussion. 

To  the  rest  of  the  hypothesizers 
I  humbly  suggest  that  four  or  five 
years  studying  the  works  of  some 
of  the  minor  intellects  of  the  past 
— such  as  Newton  and  Einstein — 
who  were  also  mildly  aware  of  the 
problem  might  be  in  order. 

John  Cooney 

Waldboro,  Maine 


Pulse  Notes 


Control  of 
Rise  Time  and 
Overshoot  in 
Pulse  Transformers 


A  pulse  transformer  with  a  turns  ratio 
greater  than  unity  (n>l)  can  be  approxi¬ 
mated  by  the  circuit  below  for  the  duration 
of  the  leading  edge  of  the  applied  pulse. 


Where  Rs  is  the  internal  resistance  of  the 
pulse  source,  Rl  load  resistance,  Li  and  Cd, 
leakage  inductance  and  distributed  capa¬ 
citance,  respectively.  If  the  transformer  is 
matched  (Rs=N2Rl),  this  circuit  is  valid  for 
step-up  and  step-down  transformers. 


Optimum  step  function  response  (minimum 
rise  time  and  overshoot)  occurs  when 

V^rrRu-  Under  these  conditions  over- 
Cd 

shoot  is  approximately  4%;  rise  time  from 
10%  to  90%  of  pulse  height  approximately 


equal  to  1.52"^  LiCd.  If  is  less  than  Rl. 


“  a/TT 

overshoot  and  ringing  occur.  Making  \-^ 

Cd 


greater  than  Rt  rounds  the  leading  edge 
and  increases  rise  time.  Circuit  designers 
should  note  that  any  shunt  capacity  in  the 
load  is  effectively  added  to  Cd  which  causes 

Vi  to  be  less  and  overshoot  greater  than 
Cd 

indicated  by  transformer  specifications. 


Leakage  inductance  and  distributed  capaci¬ 
tance  are  functions  of  winding  geometry 
such  as  insulation  pad  thickness,  wire  spac¬ 
ing,  and  interleaving.  These  parameters 
must  be  accurately  controlled  during  man¬ 
ufacture  to  meet  rise  time  and  overshoot 
specifications.  In  the  Pulse  Engineering 
Stat-Tran*,  a  rectangular  coil  form  permits 
precise  control  of  the  winding  configuration 
which  contributes  to  uniform  leading  edge 
response. 

A  new  catalog  describing  the  Stat-Tran*  and 
other  pulse  transformers  is  yours  for  the 
asking.  Please  address  Department - - 

*R*g!it*r«d  T.M.  i 
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Inc. 


2657  Spring  Street 
REDWOOD  CITY  CALIFORNIA 
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